Species Profiles: Life Histories and Environmental Requirements of Coastal Fishes and Invertebrates (North Atlantic): American eel by Facey, Douglas E. & Van Den Avyle, Michael J.
REFF9.E?-F",OPY 
Do Not Remove from the Library 
U. S. Fish and Wildlife Service 
~esearch Center TR EL-82-4 
~iological Report 82 (11-74) 700 Cajun Dome Boulevard 
A U ~ U S ~  1987 La fayette, Louisiana 70506 
Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and Invertebrates (North Atlantic) 
AMERICAN EEL 
Fish and Wildlife Service Waterways ~xperiment station 
U.S. Department of the Interior U.S. Army Corps of Engineers 
B i o l o g i c a l  R e p o r t  82(11.74) 
TR EL-82-4 
August 1987 
Spec ies  P r o f i l e s :  L i f e  H i s t o r i e s  and Env i ronmen ta l  Requi rements  
o f  C o a s t a l  F i s h e s  and I n v e r t e b r a t e s  ( N o r t h  A t l a n t i c )  
AMERICAN EEL 
Douglas  E. Facey 
Depar tment  o f  Zoo logy  
U n i v e r s i t y  o f  Georg ia  
Athens,  GA 30602 
and 
M ichae l  J. Van Den A v y l e  
Georg ia  C o o p e r a t i v e  F i s h  and W i l d l i f e  Research U n i t  
School  o f  F o r e s t  Resources 
U n i v e r s i t y  o f  Georg ia  
Athens,  GA 30602 
P r o j e c t  Manager 
C a r r o l l  Cordes 
P r o j e c t  O f f i c e r  
D a v i d  Moran 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
N a t i o n a l  Wet1 ands Research C e n t e r  
1010 Gause B o u l e v a r d  
S l  i d e l  1 , LA 70458 
Per fo rmed  f o r  
C o a s t a l  E c o l o g y  Group 
Waterways Exper imen t  S t a t i o n  
U.S. Army Corps o f  Eng inee rs  
V icksburg ,  MS 39180 
and 
U.S. Depar tment  o f  t h e  I n t e r i o r  
F i s h  and W i l d l i f e  S e r v i c e  
Pesearch and Development 
N a t i o n a l  Wet lands Research C e n t e r  
Washington,  DC 20240 
T h i s  s e r i e s  s h o u l d  be r e f e r e n c e d  as f o l l o w s :  
U.S. F i s h  and W i l d l i f e  S e r v i c e .  1983-19 . Spec ies  p r o f i l e s :  l i f e  h i s t o r i e s  
and e n v i r o n m e n t a l  r e q u i r e m e n t s  o f  c o a s t 3  f i s h e s  and i n v e r t e b r a t e s .  U  .S. F i s h  
W i l d l  . Serv .  B i o l  . Rep. 8 2 ( 1 1 ) .  U.S. Army Corps o f  Eng inee rs ,  TR EL-82-4. 
T h i s  p r o f i l e  s h o u l d  be c i t e d  as f o l l o w s :  
Facey, D.E., and M.J. Van Den A v y l e .  1987. Spec ies  p r o f i l e s :  l i f e  h i s t o r i e s  
and e n v i r o n m e n t a l  r e q u i r e m e n t s  o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s  ( N o r t h  
A t l a n t i c ) - - A m e r i c a n  e e l .  U.S. F i s h  W i l d l  . Serv .  B i o l  . Rep. 82(11.74). U.S. 
Army Corps o f  Eng inee rs ,  TR EL-82-4. 28 pp. 
PREFACE 
Th i s  species p r o f i l e  i s  one of a s e r i e s  on coas ta l  a q u a t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  s p o r t ,  commercial ,  o r  e c o l o g i c a l  importance. The p r o f i l e s  
a re  designed t o  p r o v i d e  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive ske tch  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and envi ronmenta l  
requi rements o f  t h e  species and t o  desc r i be  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1 i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
requi rements,  and economic importance, i f  appl i cab le .  A t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t hey  a re  prepared. 
Th i s  p r o j e c t  i s  j o i n t l y  p lanned and f inanced by  t h e  U.S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice .  
Suggest ions o r  ques t ions  rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t h e  f o l l  owing addresses. 
I n f o r m a t i o n  T rans fe r  S p e c i a l i s t  
Na t i ona l  Coasta l  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Se rv i ce  
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 
U. S. Army Engineer  Waterways Experiment S t a t i o n  
A t t e n t i o n :  WESER-C 
Post  O f f i c e  Box 631  
Vicksburg,  MS 39180 
CONVERSION TABLE 
M e t r i c  t o  U.S. Customary 
M u l t i p l y  
m i l l i m e t e r s  (mm) 
cen t ime te rs  (cm) 
meters (m)  
meters (m) 
k i l o m e t e r s  (km) 
k i l o m e t e r s  (km) 
square meters (m2) 10.76 
square k i  1  ometers (km2) 0.3861 
hectares (ha) 2 .471 
l i t e r s  (1) 
cub ic  meters (m3)  
cub ic  meters (m3)  
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grams (g)  
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F igu re  1. American ee l .  
AMERICAN EEL 
S c i e n t i f i c  name ...... A n g u i l l a  r o s t r a t a  
......... P r e f e r r e d  common name American 
ee l  ( F i g u r e  1 )  
........... Other  common names A n g u i l l e ,  
ye1 1  ow ee l ,  green e e l  , b l a c k  ee l  , 
1  i t t l e  e e l ,  bronze e e l ,  g l ass  e e l ,  
s i  1  v e r  ee l  , r i v e r  ee l  
Class..  .................. .Oste ichthyes 
Order  ................... A u g u i l l i f o r m e s  
..................... Fami ly  A n g u i l l i d a e  
Geographic range: A d u l t s  o r  va r i ous  
developmental  s tages commonly occur  
i n  f reshwate r ,  coas ta l  waters ,  and 
t h e  open ocean f rom t h e  sou thern  t i p  
o f  Green1 and, Labrador ,  and 
Newfound1 and southward a1 ong t h e  
A t l a n t i c  coas t  o f  No r t h  America, 
i n t o  t h e  G u l f  o f  Mexico as f a r  as 
Tampico, Mexico, and i n  Panama, t h e  
Grea te r  and Lesser  A n t i l l e s ,  and 
southward t o  t h e  n o r t h e r n  p o r t i o n  o f  
t h e  e a s t  coas t  o f  South America 
(Tesch 1977). The spec ies i s  
abundant i n  t h e  No r t h  A t l a n t i c  
s t a t e s  ( F i g u r e  2 ) ,  t h e  eas te rn  
Canadian p rov inces ,  and southward t o  
Mexico; i t  i s  r e s i d e n t  i n  t h e  
M i s s i s s i p p i  Va l l ey ,  and occurs i n  
t h e  West I n d i e s  and Bermuda. B e r t i n  
(1956) r e p o r t e d  t h e  l a t i t u d i n a l  
range f o r  t h e  American ee l  as 5" t o  
62" N. I t occurs i n  warm b r a c k i s h  
and f r eshwa te r  streams, e s t u a r i e s ,  
and coas ta l  r i v e r s ,  and sometimes i n  
c o l d  f r eshwa te r  t r o u t  streams i n  
mountainous reg ions .  I t s  d i s t r i b u -  
t i o n  has inc reased  because o f  i t s  
Coastal distribution 
M I L E S  
A TL A N TIC OCEAN 
F i g u r e  2. M a j o r  r i v e r s  t h a t  s u p p o r t  t h e  American e e l  i n  t h e  N o r t h  A t l a n t i c  
U n i t e d  S t a t e s .  E e l s  a l s o  a r e  common i n  o t h e r  f r e s h w a t e r  t r i b u t a r i e s  and i n  
bays and e s t u a r i e s .  
h a r d i n e s s  ( a s  shown by  t h e  r a n g e  o f  
h a b i t a t s  i t  occup ies ,  i n c l u d i n g  p o l -  
l u t e d  a r e a s ) ,  t h e  ease w i t h  wh ich  
i t  can be t r a n s p l a n t e d ,  and i t s  
a b i l i t y  t o  t r a v e l  a c r o s s  damp ground 
and we t  v e r t i c a l  s u r f a c e s  such as 
dams. A d u l t  e e l s  a r e  o c c a s i o n a l l y  
f o u n d  i n  l a n d l o c k e d  l a k e s ,  p r i m a r i l y  
i n  t h e  n o r t h e a s t e r n  U n i t e d  S t a t e s .  
MORPHOLOGY AND IDENTIFICATION AIDS 
The Amer ican e e l  undergoes a  
s e r i e s  o f  m o r p h o l o g i c a l  changes i n  i t s  
l i f e  c y c l e ,  wh ich  a r e  d e s c r i b e d  i n  t h e  
l a t e r  s e c t i o n  on L IFE  HISTORY. The 
f o l  1  ow ing  i n f o r m a t i o n  was summarized 
p r i m a r i l y  f r o m  Fahay (1978)  and Tesch 
(1977) .  
The body i s  e l o n g a t e  ( F i g u r e  1 ) .  
The d o r s a l  and a n a l  f i n s  a r e  c o n f l u e n t  
w i t h  t h e  r u d i m e n t a r y  cauda l  f i n .  
P e c t o r a l  f i n s  a r e  p r e s e n t ,  b u t  v e n t r a l  
( p e l v i c )  f i n s  a r e  absen t .  S c a l e s  form 
a t  abou t  3  t o  5  y e a r s  o f  age, b u t  a r e  
m i n u t e  and embedded, c a u s i n g  e e l s  t o  
appear  s c a l e l e s s .  The l a t e r a l  l i n e  i s  
we1 1  deve loped .  The mouth i s  
t e r m i n a l ;  t h e  jaws have bands o f  
s m a l l ,  p e c t i n a t e ,  o r  s e t i f o r m  t e e t h ,  
and t h e  vomer has a  l o n g  t o o t h  p a t c h .  
The number o f  v e r t e b r a e  ranges f rom 
103 t o  111 b u t  u s u a l l y  i s  106 t o  108 
(Schmid t  1913) .  Ege ( 1939) p r e s e n t e d  
comprehens ive morpho l  o g i c a l  d a t a  f o r  
A. - r o s t r a t a .  
No o t h e r  a n g u i l l  i d  e e l s  o c c u r  i n  
N o r t h  Amer ican c o a s t a l  w a t e r s ,  b u t  t h e  
Amer ican e e l  ' s  spawning a r e a  
a p p a r e n t l y  o v e r l  aps w i t h  t h a t  o f  t h e  
European e e l  (An u i l l a  a n g u i l l a )  
(McCleave e t  a1 . i n  myomere 
c o u n t s  f o r  Amer ican and European e e l  
l a r v a e  a r e  106.84 + 0.032 S.E. and 
114.52 + 0.047 S.E. ( K l e c k n e r  and 
McCl eave 1985).  E x t e r n a l l y  v i s i b l e  
t r a i t s  o f  a d u l t s  a r e  s i m i l a r ,  b u t  t h e  
European e e l  has more v e r t e b r a e  
(111-119; m e a n , l l 5 ) .  Some a u t h o r s  
have argued t h a t  European and Amer ican 
e e l s  s h o u l d  be r e g a r d e d  as geograph- 
i c a l  v a r i a n t s  o f  t h e  same s p e c i e s  
( W i l l i a m s  and Koehn 1984) .  Recent 
a n a l y s i s  o f  m i t o c h r o n d r i a l  DNA i n d i -  
c a t e s  t h a t  Amer ican and European e e l s  
b e l o n g  t o  s e p a r a t e  b r e e d i n g  popu la -  
t i o n s  ( A v i s e  e t  a l .  1986) .  The l a c k  
o f  i n t e r b r e e d i n g  even though  t h e  
spawning a r e a s  o v e r l  ap s u p p o r t s  t h e  
b e l i e f  t h a t  Amer ican and European e e l s  
a r e  d i f f e r e n t  s p e c i e s .  No a v a i l a b l e  
d a t a  c o n c l u s i v e l y  p o i n t  t o  g e o g r a p h i c  
v a r i a t i o n s  i n  morpho logy,  and no 
subpopul  a t i o n s  have been d i s t i n -  
gu i shed .  Koehn and W i l  1  iams (1978)  
n o t e d  p r o t e i n  d i f f e r e n c e s  among 
j u v e n i l e  e e l s  c o l l e c t e d  f r o m  d i f f e r e n t  
1  o c a t i o n s  a1 ong t h e  A t 1  a n t i c  seaboard,  
b u t  conc luded  t h a t  t h e  d i f f e r e n c e s  
were due t o  v a r i a t i o n  i n  s e l e c t i v e  
p r e s s u r e s  among t h e  env i ronmen ts  i n  
wh ich  t h e  e e l s  grew. A v i s e  e t  a l .  
( 1986)  r e p o r t e d  no s i g n i f i c a n t  
g e o g r a p h i c  d i f f e r e n t i a t i o n  i n  t h e  
m i t o c h o n d r i a 1  DNA o f  108 e e l s  
c o l l e c t e d  f r o m  Maine t o  L o u i s i a n a .  
T h i s  e v i d e n c e  s t r o n g l y  s u p p o r t s  t h e  
c o n c l u s i o n  t h a t  Amer ican e e l s  a r e  a  
s i n g l e ,  p a n m i c t i c  b r e e d i n g  p o p u l a t i o n .  
REASON FOR INCLUSION I N  SERIES 
The Amer ican e e l  s u p p o r t s  
commerc ia l  and 1  i m i  t e d  r e c r e a t i o n a l  
f i s h e r i e s  t h r o u g h o u t  most  o f  i t s  
range.  I n  t h e  U n i t e d  S t a t e s  e e l s  a r e  
marke ted  f o r  human consumpt ion and as 
b a i t  f o r  c r a b s  and qame f i s h e s ,  
i n c l u d i n g  s t r i p e d  bass (M - 
- .  . , - 
o r o n e  
s a x a t i l  i s ) ,  c o b i a  (Rachycen t ron  
canadur;lfr and la rgemou th  bass 
( M i c r o o t e r u s  sa lmo ides )  . A d u l t  e e l s  . ~~ 
o f t e n  'are s h i p p e d  a1 i;e o r  f r o z e n  t o  
. . 
Europe where t h e y  f r e q u e n t l y  a r e  
smoked b e f o r e  m a r k e t i n g .  E l v e r s  
( immature  e e l s  t y p i c a l l y  < 6 0  mm 
l o n g )  have been h a r v e s t e d  i n  Maine and 
s h i p p e d  t o  Japan where t h e y  were 
c u l t u r e d  i n  ponds. Pond r e a r i n g  o f  
e e l s  i s  b e i n g  deve loped  i n  t h e  U n i t e d  
S t a t e s ,  and t h e r e  i s  a  p o t e n t i a l  f o r  
deve lopment  and expans ion  o f  an e e l  
c u l t u r e  i n d u s t r y .  
The Amer ican e e l  i s  an i m p o r t a n t  
f o o d  o f  l a r g e r  m a r i n e  and f r e s h w a t e r  
f i s h e s .  I t  p r e y s  on a v a r i e t y  o f  
o t h e r  an ima ls  i n c l u d i n a  c o m m e r c i a l l y  
i m p o r t a n t  c r a b s  and c lams. E e l s  
c c n t r i b u t e  t c  t h e  l o s s  c f  n u t r i e n t s  
f r o m  f r e s h w a t e r  r i v e r s  avd l a k e s  
because o f  t h e i r  h i g h  o r g a n i c  i n t a k e ,  
l a r g e  numbers, l e n g t h y  s t a y  i n  f r e s h -  
w a t e r ,  and subsequent  m i g r a t i o n  t o  sea 
( S m i t h  and Saunders 1955) .  
L IFE HISTORY 
The l i f e  c y c l e  o f  t h e  Americav 
e e l  i n c l u d e s  ocean ic ,  e s t u a r i n e ,  and 
r i v e r i n e  phases ( F i g u r e  3 ) .  Wany 
d e t a i l s  of  i t s  l i f e  h i s t o r y  a r e  o n l y  
g e n e r a l l y  u n d e r s t o o d  o r  have been 
i n f e r r e d  f r o m  knowledge o f  t h e  
European e e l .  Much o f  what  i s  kncwn 
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F i g u r e  3.  D iagrammat ic  r e p r e s e n t a t i o n  
o f  t h e  l i f e  c y c l e  o f  t h e  Amer ican e e l .  
4 
M i d d l e  and N o r t h  A t l a n t i c  r e g i o n s  o f  
t h e  U n i t e d  S t a t e s  avd t h e  e a s t e r n  
p r o v i n c e s  o f  Canada. 
D i f f e r e n t  s tages  o f  t h e  e e l ' s  
l i f e  c y c l e  a r e  known by  a  v a r i e t y  o f  
common names t h a t  a r e  used t h r o u g h o u t  
t h e  s c i e n t i f i c  1  i t e r a t u r e .  The l a r v a  
( l e p t o c e p h a l  u s )  metamorphoses i n t o  an 
unp igmented g l a s s  e e l  w h i c h  m i g r a t e s  
i n t o  f r e s h w a t e r  and g r a d u a l l y  deve lops  
p i g m e n t a t i o n .  The young e e l  i s  now 
c a l l e d  an e l v e r .  E l v e r s  may rema in  i n  
c o a s t a l  r i v e r s  o r  may c o n t i n u e  t o  move 
upst ream.  The f o l l o w i n g  g r o w t h  phase, 
c a l l e d  t h e  y e l l o w  e e l ,  may l a s t  many 
:{ears. Ye1 l o w  e e l s  may be s e x u a l l y  
u n d i f f e r e n t i a t e d  (gonads c o n t a i n  no 
d e f i n a b l e  gametes),  h e r m a p h r o d i t i c  
( o o g o n i a  and spermatogon ia  p r e s e n t ) ,  
o r  s e x u a l l y  d i f f e r e n t i a t e d  ( f e m a l e s  
w i t h  oogon ia ;  males  w i t h  spermato- 
g o n i a ) .  Because none o f  t h e s e  s tages  
a r e  c a p a b l e  o f  r e p r o d u c t i o n ,  a l l  
ye1 l o w  e e l s  a r e  immature.  M a t u r a t i o n  
i s  accompanied by changes i n  body 
c o l o r  and morpho logy;  m a t u r i n g  e e l s  
t h a t  m i g r a t e  d o w n r i v e r  and t h r o u g h  t h e  
ocean t c  t h e  spawning grounds a r e  
known as b ronze  e e l s  o r  s i l v e r  e e l s .  
Spawning 
The American e e l  i s  catadromous. 
I t  spends most  o f  i t s  l i f e  i n  r i v e r s ,  
f r e s h w a t e r  1  akes,  and e s t u a r i e s ,  b u t  
r e t u r n s  t o  t h e  sea t o  spawn ( F i g u r e  
3 ) .  The age a t  m a t u r i t y  has n o t  been 
we1 1  d e f i n e d ;  Fahay (1978)  r e p o r t e d  
t h a t  m a t u r a t i o n  o c c u r r e d  a f t e r  age I 1 1  
f o r  males  and a t  ages I V - V I I  f o r  
f ema les  f rom n o r t h e r l y  p o p u l a t i o n s ,  
a l t h o u g h  fema les  more t h a n  15 y e a r s  
o l d  have been r e p o r t e d  i n  1  a r g e  i n l a n d  
l a k e s  ( H u r l e y  1972; Facey and LaBar 
1981) .  E e l s  ma tu re  a t  younger  ages i n  
t h e  s o u t h e a s t e r n  U n i t e d  S t a t e s  t h a n  i n  
New England (Hel fman e t  a1 . 19843; 
Hansen and E v e r s o l e  1984; Facey and 
He1 fman, i n  p r e s s ) .  
B e f o r e  seaward m i g r a t i o n  i n  t h e  
f a 1  1,  m a t u r i n g  e e l s  b e g i n  metamor- 
p h o s i s  i n t o  t h e  s i l v e r  e e l  s tage .  
( T h i s  metamorphosis and t h e  t i m i n g  o f  
t h e  r e p r o d u c t i v e  m i g r a t i o n  a r e  
descr ibed  1 a t e r . )  
Spawning by American e e l  s has 
never  been d i r e c t l y  observed, and 
spawning areas have been i n f e r r e d  on 
t h e  bas i s  o f  c o l l e c t i o n s  o f  l a r vae .  
Spawning seemingly  occurs i n  t h e  
Sargasso Sea as e a r l y  as February and 
may con t i nue  u n t i l  a t  l e a s t  A p r i l  
(K l eckne r  e t  a1 . 1983; McCleave e t  a l .  
1986). Tesch (1977),  who summarized 
work by Schmidt (1923),  Vladykov 
(1964),  Smi th  (1968),  and V l  adykov and 
March (1975),  showed a spawning zone 
sou th  o f  Bermuda and n o r t h  o f  t h e  
Bahamas t h a t  i s  cen te red  a t  abou t  25" 
N. and 69" W .  McCleave e t  a l .  (1986) 
r e p o r t e d  t h a t  American e e l s  spawn i n  
t h e  area f rom 19.5" t o  29.0" N.  and 
52" t o  79" W., and t h a t  European e e l s  
spawn f r om  23" t o  30" N. and 48" t o  
74" W. The youngest  s tages o f  
American e e l  l a r v a e  may c o e x i s t  w i t h  
European e e l  l a r vae ,  b u t  American e e l  
l a r v a e  predominate west o f  62" W .  and 
sou th  o f  25" N. (K l eckne r  and McCleave 
1985). The l a r g e  o v e r l a p  o f  spawning 
areas between American and European 
e e l s  i s  evidenced by t h e  cap tu re  
o f  l e p t o c e p h a l i  o f  bo th  spec ies  i n  t h e  
same t r a w l  (McCleave e t  a1 . 1986). 
Thermal f r o n t s  t h a t  separa te  t h e  
n o r t h e r n  and sou thern  wa te r  masses o f  
t h e  Sargasso Sea a r e  b e l i e v e d  t o  fo rm 
t h e  n o r t h e r n  l i m i t  o f  American e e l  
spawning (K leckner  e t  a l .  1983). The 
smal l e s t  American ee l  1 eptocephal  i 
t h a t  have been found (3.9-5.5 mm) were 
taken  a long  t h e  warm s i d e  o f  these  
f r o n t s .  
The depth a t  which spawning 
occurs i s  n o t  known, b u t  morpho log ica l  
and p h y s i o l o g i c a l  ev idence suggests 
t h a t  e e l s  may m i g r a t e  and spawn i n  t h e  
upper few hundred meters  o f  t h e  wa te r  
column (K leckner  e t  a1 . 1983; McCleave 
and K leckner  1985). The s m a l l e s t  
l e p t o c e p h a l i  y e t  r e p o r t e d  were taken  
i n  t r a w l s  f i s h e d  a t  a maximum depth o f  
about  300 m (K leckne r  e t  a l .  1983). 
Egg d iamete r  o f  A. r o s t r a t a  i s  abou t  
1.1 mm (Tesch 1977). I n c u b a t i o n  
pe r i ods  o f  American e e l  eggs a r e  n o t  
known, b u t  t h e  eggs o f  a r t i f i c i a l l y  
spawned Japanese e e l s  (A. j apon i ca )  
a r e  known t o  ha t ch  i n  38x45 hours a t  
23 "C (Yamamoto and Yamauchi 1974). 
Re1 a t i o n s h i p s  between e e l  s i z e  
and f e c u n d i t y  f o r  21  e e l s  (418-845 mm 
TL) were r e p o r t e d  by Wenner and Musick 
(1974) as l o g  F = -4.29514 + 3.74418 
l o g  TL, l o g  F = 3.2290 + 1.1157 l o g  W, 
where F = number o f  eggs pe r  female, 
TL = t o t a l  l e n g t h  (mm), and W = t o t a l  
we igh t  ( g )  . There fo re ,  f e c u n d i t y  f o r  
many American e e l s  i s  between about  
0.5 and 4.0 m i l l i o n  eggs, w i t h  ve r y  
l a r g e  i n d i v i d u a l s  (1,000 mm) p roduc ing  
perhaps as many as 8.5 m i l l i o n  eggs. 
The European e e l  has f e c u n d i t y  e s t i -  
mates o f  0.7 t o  2.6 m i l l i o n  eggs f o r  
i n d i v i d u a l s  630-920 mm TL (Boe t i us  and 
Boe t i us  1980). 
A d u l t  e e l s  presumably d i e  a f t e r  
spawning. None have been observed 
t o  m i g r a t e  up r i v e r s ,  and spen t  e e l s  
have n o t  been repo r t ed .  
L a r v a l  (Leptocephal  us )  Stage 
Hatch ing  p robab l y  begins and 
peaks i n  February, b u t  may c o n t i n u e  
th rough  A p r i l  (K leckner  e t  a1 . 1983; 
K leckner  and McCleave 1985; McCleave 
e t  a l .  1986). The l a r v a l  s tage  l a s t s  
up t o  about  1 year .  The body i s  
l anceo la te ,  s h a r p l y  p o i n t e d  a t  bo th  
ends, and deepest a t  t h e  m idd le ;  
i l l u s t r a t i o n s  were pub l i shed  by Tesch 
(1977) and Fahay (1978) .  The l e n g t h  
a t  ha t ch i ng  has n o t  been desc r i bed  f o r  
t h e  American ee l  ; however, t h e  
Japanese ee l  i s  about  2.7 mm l ong  a t  
ha t ch i ng  and abou t  6.2 mm l o n g  5 days 
a f t e r  h a t c h i n g  (Yamamoto and Yamauchi 
1974). K l  eckner  e t  a1 . (1983) caught  
l a r v a l  American e e l s  l e s s  t han  5.5 mm 
l o n g  (perhaps l e s s  than  1 week o l d )  
f rom mid-February t o  e a r l y  March. 
Schmidt (1925) c o l l e c t e d  l a r v a e  7 t o  
8 mm l ong  i n  February. The s m a l l e s t  
l a r v a e  c o l l e c t e d  by Vladykov and March 
(1975) and Smi th  (1968) were 12 mm and 
17 mm, r e s p e c t i v e l y ,  and were c a u g h t  
i n  t h e  summer. 
Amer ican e e l  l a r v a e  grow as t h e y  
a r e  t r a n s p o r t e d  by  ocean c u r r e n t s .  
T o t a l  l e n g t h s  o f  l a r v a e  c o l l e c t e d  by  
Schmidt  (1925)  were 7  t o  8  mm i n  
Februa ry ,  20 t o  25 mm i n  A p r i l  , 30 t o  
35 mm i n  June, 40 mm i n  J u l y ,  50 t o  55 
mm i n  September, and 60 t o  65 mm by  
t h e  end o f  t h e  f i r s t  y e a r  o f  l i f e .  
The l a r g e s t  l e p t o c e p h a l u s  c o l l e c t e d  by  
V ladykov and March (1975)  was 69 mm 
l o n g .  A  t h o r o u g h  a n a l y s i s  o f  
a v a i l a b l e  d a t a  f r o m  4473 l a r v a l  and 
pos tmetamorph i  c  Amer ican e e l  s  showed 
t h a t  t h e  r e l a t i o n s h i p  between l e n g t h  
(Y: mm TL)  and c o l l e c t i o n  d a t e  (X:  
J u l  i a n  d a t e )  f o r  0-group l e p t o c e p h a l  i 
c o l l e c t e d  between 13 F e b r u a r y  and 15 
Oc tober  was Y=0.238 X - 6.569 ( K l e c k -  
n e r  and McCl eave 1985) .  
Lep tocepha l  i grow r a p i d l y  u n t i  1  
Oc tober  when g r o w t h  s lows  o r  s t o p s ,  
and many metamorphose i n t o  g l a s s  e e l s  
( K l e c k n e r  and McCleave 1985) .  Most  
l e p t o c e p h a l  i undergo metamorphos is  a t  
55-65 mm TL and 8-12 months o f  age. 
L i m i t e d  e v i d e n c e  sugges ts  t h a t  some 
e e l s  may r e m a i n  i n  t h e  l e p t o c e p h a l u s  
s t a g e  f o r  more t h a n  1 y e a r .  S m i t h  
(1968)  r e p o r t e d  a  l e p t o c e p h a l u s  50 mm 
l o n g  n e a r  t h e  spawning grounds d u r i n g  
A p r i l  ; i t  was t h u s  t o o  l o n g  t o  have 
been spawned i n  t h e  immedia te  season 
(Fahay 1978) .  V ladykov and March 
(1975) a l s o  sugges ted  t h a t  l a r v a l  A. 
r o s t r a t a  may spend more t h a n  1 y e a r  i n  
t h e  sea. 
L a r v a e  a r e  t r a n s p o r t e d  f r o m  t h e  
spawning grounds t o  t h e  e a s t e r n  sea- 
b o a r d  o f  N o r t h  Amer ica  b y  t h e  A n t i l l e s  
C u r r e n t ,  t h e  F l o r i d a  C u r r e n t ,  and t h e  
G u l f  Stream. Power and McCleave 
(1983) deve loped  a  model o f  s u r f a c e  
c u r r e n t  d r i f t  t o  s i m u l a t e  t h e  d i s p e r -  
s a l  o f  e e l  l e p t o c e p h a l i  f r o m  t h e  
Sargasso Sea. Sampl ing has shown t h a t  
l a r v a e  a r e  abundant  i n  t h e  F l o r i d a  
S t r a i t s  and i n  t h e  a r e a  between 
Bermuda and t h e  Bahamas f r o m  A p r i l  
t h r o u g h  Augus t  ( S m i t h  1968).  Mos t  
l e p t o c e p h a l  i p r o b a b l y  e n t e r  t h e  Gul f 
Stream d i r e c t l y  f r o m  t h e  Sargasso Sea, 
r a t h e r  t h a n  b y  a  more s o u t h e r l y  r o u t e  
t h r o u g h  t h e  Eahama I s l a n d s  ( K l e c k n e r  
and McCleave 1982).  E l d r e d  (1971) 
found  l a r v a l  A. r o s t r a t a  i n  t h e  G u l f  
o f  Mex ico  an3  Yucatan S t r a i t s ,  b u t  
mechanisms b y  wh ich  t h e y  a r e  d i s p e r s e d  
i n t o  t h e  G u l f  o f  Mex ico  and southward 
t o  t h e  c o a s t  o f  South  Amer ica  have n o t  
been de te rm ined .  
Glass  Ee l  and E l v e r  Staaes 
D u r i n g  t h e  p e l a g i c  phase, l e p t o -  
c e p h a l i  r e a c h  t h e  s i z e  and p h y s i o l o g -  
i c a l  s t a t e  a t  wh ich  t h e y  b e g i n  t o  
metamorphose. The e a r l y  s tages  o f  
t h i s  t r a n s i t i o n  i n v o l v e  a  decrease i n  
l e n g t h  and w e i g h t  due t o  a  r e d u c t i o n  
i n  w a t e r  c o n t e n t ,  changes i n  t h e  
c o n f i g u r a t i o n  o f  t h e  head and jaws,  
and a c c e l e r a t e d  deve lopment  o f  t h e  
d i g e s t i v e  sys tem (Fahay 1978) .  A f t e r  
t h e s e  change; o c c u r ,  t h e  e e l s  a r e  
s i m i l a r  i n  o v e r a l l  morpho logy  t o  ye1 - 
l o w  e e l s ,  b u t  l a c k  e x t e r n a l  pigmen- 
t a t i o n  and a r e  t h e r e f o r e  c a l l e d  " g l a s s  
e e l s . "  G lass  e e l s  a c t i v e l y  m i g r a t e  
toward  l a n d  and f r e s h w a t e r ,  and 
d e v e l o p  e x t e r n a l  p i g m e n t a t i o n  as t h e y  
e n t e r  c o a s t a l  a reas .  These s m a l l ,  
p igmented e e l s  a r e  c a l l e d  " e l v e r s  ." 
The young e e l s  b e g i n  m i g r a t i n g  
ups t ream b e f o r e  p i g m e n t a t i o n  i s  
comp le te .  I n i t i a l l y  t h e y  a r e  a c t i v e  
a t  n i g h t  and b u r r o w  o r  r e s t  i n  deep 
w a t e r  d u r i n g  t h e  day ( D e e l d e r  1958).  
They t y p i c a l l y  move up i n t o  t h e  w a t e r  
co lumn on f l o o d  t i d e s  and r e t u r n  t o  
t h e  b o t t o m  d u r i n g  ebb t i d e s  (McCleave 
and K l e c k n e r  1982; McCleave and 
Wippe l  hause r  1986) .  S i m i l a r  b e h a v i o r  
was r e p o r t e d  f o r  e l v e r s  a t  t h e  mouth 
o f  t h e  I n d i a n  R i v e r ,  De laware,  by  
Pacheco and G r a n t  (1973) ,  and f o r  
e l v e r s  o f  t h e  European e e l  b y  Tesch 
(1977) .  The cues t h a t  t r i g g e r  t h e  
change i n  b e h a v i o r  a r e  n o t  known, 
though  C r e u t z b e r g  (1959, 1961) showed 
t h a t  European g l a s s  e e l s  were a b l e  t o  
d e t e c t  t h e  o d o r  o f  f r e s h  w a t e r  and 
a l t e r  t h e i r  b e h a v i o r  a c c o r d i n g l y .  
Sorensen (1986)  showed t h a t  Amer ican 
e e l  e l v e r s  were s t r o n g l y  a t t r a c t e d  t o  
t h e  odo r  o f  b rook  w a t e r  and t h e  odor  
o f  decay ing  l e a f  d e t r i t u s  and i t s  
a s s o c i a t e d  m ic roo rgan isms .  Temper- 
a t u r e  g r a d i e n t  may a l s o  a i d  i n  t h e  
ups t ream o r i e n t a t i o n  o f  g l a s s  e e l s  
( T o n g i o r g i  e t  a l .  1986) .  G lass  e e l 5  
and e l v e r s  may d e l a y  ups t ream 
m i g r a t i o n  a t  t h e  f r e s h w a t e r - s a l t w a t e r  
i n t e r f a c e  whi  1  e  b e h a v i o r a l  l y  and 
p h y s i o l o g i c a l l y  a d j u s t i n g  t o  t h e  new 
env i ronmen t  (Sorensen and E i a n c h i n i  
1986) .  
Most  g l a s s  e e l s  and e l v e r s  move 
i n t o  c o a s t a l  a reas ,  e s t u a r i e s ,  and up 
f r e s h w a t e r  r i v e r s  i n  l a t e  w i n t e r  o r  
e a r l y  s p r i n g .  V ladykov (1966)  sug- 
ges ted  t h a t  e l v e r s  g e n e r a l l y  a r r i v e  i n  
s o u t h e r n  e s t u a r i e s  e a r l i e r  and ?t 
s m a l l e r  s i z e s  t h a n  i n  t h e  n o r t h ,  b u t  
r e c o r d s  i n d i c a t e  c o n s i d e r a b l e  o v e r 1  ap 
i n  t h e  t i m i n g  o f  shoreward movements 
a l o n g  t h e  A t l a n t i c  c o a s t .  I n  t h e  
S o u t h e a s t e r n  and M i d d l e  A t l a n t i c  
S t a t e s ,  m i g r a t i n g  g l a s s  e e l s  and 
e l v e r s  have been c o l l e c t e d  f r o m  Janu- 
at-y t h r o u g h  Pay ( J e f f r i e s  1960; Smi th  
1968; Fahay 1978; Hornberge r  1978, 
c i t e d  by  Sykes 1981; Sykes 1981; 
He1 fman e t  a1 . 1984a) .  
G lass  e e l s  and e l v e r s  may r e a c h  
New England e s t u a r i e s  as e a r l y  as l a t e  
w i n t e r  ( J e f f r i e s  1960) ,  b u t  t h e  main  
ups t ream m i g r a t i o n  i s  i n  s p r i n g .  
G lass  e e l s  have a r r i v e d  a t  t h e  c o a s t  
o f  Maine f r o m  t h e  end o f  March t o  
abou t  t h e  t h i r d  week o f  May ( D r .  J .  D. 
McCleave, U n i v e r s i t y  o f  Maine a t  
Orono; p e r s .  comm.). I n  Rhode I s l a n d  
t h e  e l v e r  m i g r a t i o n  peaks d u r i n g  A p r i l  
and May (Haro  1986; Sorensen and 
B i a n c h i n i  1986) ,  whereas i n  Maine t h e  
r u n  i s  p r i m a r i l y  f r o m  l a t e  A p r i l  t o  
June ( R i c k e r  and S q u i e r s  1974; She ldon 
1954) .  Most  ups t ream m i g r a t i n g  e e l s  
a r r i v i n g  i n  May a t  t h e  f r e s h w a t e r  
i n t e r f a c e  i n  a  Rhode I s l a n d  b r o o k  were 
n o t  c o m p l e t e l y  p igmented,  b u t  most  
were f u l l y  p igmented by  J u l y  (Sorensen 
and B i a n c h i n i  1986) .  I n  1974 t h e  r u n  
a l o n g  t h e  s o u t h e r n  and c e n t r a l  
p o r t i o n s  o f  t h e  Maine c o a s t  was 
composed p r i m a r i l y  o f  unp igmented 
g l a s s  e e l s  f o r  t h e  f i r s t  few weeks and 
a l m o s t  e n t i r e l y  o f  p igmented e l v e r s  by  
t h e  e i g h t h  week. 1 n n o r t h e r n  c o a s t a l  
Maine t h e  e n t i r e  r u n  was composed o f  
g l a s s  e e l s .  S m i t h  and Saunders (1955)  
r e p o r t e d  t h e  a r r i v a l  o f  e l v e r s  i n  
Passzlmaquoddy Bay, New Brunsw ick ,  i n  
l a t e  A p r i l .  
Sma 11 numbers o f  e l v e r s  r e g u l a r l y  
a r r i v e  i n  e s t u a r i e s  i n  t h e  f a l l ,  and 
Fahay (1978)  suggested t h a t  t h e s e  
" e a r l y "  a r r i v a l s  m y  be t h e  e a r l i e s t  
spawned i n d i v i d u a l s  o r  a  segivent o f  
t h e  main  body o f  l e p t o c e p h a l i  t h a t  i s  
m o v ~ d  n o r t h w a r d  r o r e  q u i c k l y  t h a n  most 
by l o c a l i z e d  w a t e r  c u r r e n t s .  k i t e r n a -  
t i v e l y ,  t h e s e  e l v e r s  may be " l a t e "  
a r r i v a l s  produced f r o m  l e p t c c e p h a l  i 
t h a t  d i d  n o t  m e t a m ~ r p h o s e  d u r i n g  t h e  
p r e v i o u s  w i n t e r  and s p r i n g .  
E l v e r s  e v e n t u a l  l y  b e g i n  swimming 
upst ream and become most  a c t i v e  d u r i n g  
t h e  day (Sorensen and B i a n c h i n i  1986) .  
The o n s e t  o f  t h i s  a c t i v e  ups t ream 
m i g r a t i o n  may be t r i g g e r e d  by changes 
i n  w a t e r  c h e m i s t r y  caused by  i n t r u s i o n  
o f  e s t u a r i n e  w a t e r  d u r i n g  h i g h  s p r i n g  
t i d e s  (Sorensen and B i a n c h i n i  1986) .  
Tesch (1977)  i n d i c a t e d  t h a t  e l v e r s  o f  
A. - a n g u i l l a  o r i e n t  t o  r i v e r  c u r r e n t s  
f o r  ups t ream movement; i f  t h e  c u r r e n t  
becomes t o o  weak o r  t o o  s t r o n g  ( v e l o c -  
i t i e s  n o t  s p e c i f i e d ) ,  t h e  f i s h  may 
move i n t o  backwa te r  a reas ,  s e v e r e l y  
d e l a y i n g  upst ream p r o g r e s s .  B a s i c  
s i m i l a r i t i e s  i n  b e h a v i o r  o f  European 
and Amer ican e e l  e l v e r s  sugges t  t h a t  
t h o s e  o f  Amer ican e e l s  wou ld  be 
s i m i l a r l y  a f f e c t e d  by  f a s t  o r  s l o w  
r i v e r  c u r r e n t s .  
Haro (1986)  i n d i c a t e d  t h a t  t h e  
ma in  c o n c e n t r a t i o n  o f  e l v e r s  i n  a  
c o a s t a l  Rhode I s l a n d  s t ream r e q u i r e d  
abou t  1 month t o  move a  d i s t a n c e  o f  
200 m  ahove t h e  t i d a l  7one, and t h a t  
some Amer ican e e l s  may c o n t i n u e  m i -  
g r a t i n g  ups t ream as y e l l o w  e e l s  o f  
age I I o r  01 d e r .  The s c a r c i t y  o f  
s m a l l ,  younq e e l s  i n  l a k e s  t h a t  a r e  
f a r  i n l a n d  s u p p o r t s  t h e  i d e a  o f  con- 
t i n u e d  ups t ream m i g r a t i o n  by  y e l l o w  
e e l s  ( H u r l e y  1972; Facey and LaBar 
1981; Ko lenosky  and Hendry 1982).  
E e l s  ascend ing  t h e  e e l  l a d d e r  a t  t h e  
Moses-Saunders Dam on t h e  S t .  Lawrence 
R i v e r  a t  C o r n w a l l ,  O n t a r i o  ( a p p r o x i -  
m a t e l y  1600 km f r o m  t h e  ocean) ,  were 
g e n e r a l l y  3  t o  8  y e a r s  o l d  ( L i e w  
1982) .  
Y e l l o w  and S i l v e r  E e l s  
Many i n v e s t i g a t o r s  (e.g. ,  B i g e l  ow 
and Schroeder  1953; V ladykov 1966) 
have s t a t e d  t h a t  f ema le  y e l l o w  e e l s  
o c c u r  p r i m a r i l y  i n  f r e s h w a t e r ,  and 
males g e n e r a l l y  i n  s a l t w a t e r  o r  
b r a c k i s h  w a t e r .  Do lan  and Power 
(1977) ,  however, a f t e r  an e x t e n s i v e  
r e v i e w  o f  l i t e r a t u r e ,  conc luded  t h a t  
t h i s  " f e m a l e - f r e s h w a t e r ,  ma le -sa l  t- 
w a t e r "  t h e o r y  was n o t  suppor ted .  I n  a  
Georg ia  r i v e r ,  t h e  pe rcen tage  o f  
s e x u a l l y  d i f f e r e n t i a t e d  ye1 l o w  e e l s  
t h a t  were males  was 36 i n  t h e  e s t u a r y  
and 6  i n  f r e s h w a t e r  (He l fman  e t  a l .  
1984a) .  I n  t h e  Cooper R i v e r  system i n  
Sou th  C a r o l i n a  t h e  pe rcen tages  o f  
males  were 7  i n  s a l t w a t e r  ( F i c h e n e r  
1980) ,  5  i n  b r a c k i s h  w a t e r  (Hansen and 
E v e r s o l e  1984) ,  and 3  i n  f r e s h w a t e r  
( H a r r e l l  and Loyacano 1980) .  Winn e t  
a l .  ( 1975)  r e p o r t e d  h i g h e r  pe rcen tages  
o f  males i n  f r e s h w a t e r  and females  i n  
s a l t w a t e r  i n  Rhode I s l a n d  s t reams and 
e s t u a r i e s ,  b u t  d i d  n o t  e x p l a i n  t h e  
methods used t o  d e t e r m i n e  sex.  Do lan  
and Power (1977)  i n d i c a t e d  t h a t  
h i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e  gonads 
i s  necessa ry  t o  d e t e r m i n e  sex i n  e e l s .  
Sexual  d i f f e r e n t i a t i o n  does n o t  
o c c u r  u n t i l  e e l s  a r e  a b o u t  200-250 mm 
l o n g  ( D o l a n  and Power 1977) .  B e f o r e  
c o m p l e t i o n  o f  t h e  d i f f e r e n t i a t , i o n  
p rocess  some e e l s  have gonads con- 
t a i n i n g  ma le  and fema le  gametes 
( j u v e n i l e  hemaphrodi t i s m ;  Tesch 1977) ,  
b u t  a f t e r  gender  i s  e s t a b l i s h e d ,  i t  
does n o t  change (Fahay 1978) .  D i f -  
f e r e n t i a t e d  and u n d i f f e r e n t i a t e d  
ye1  l o w  e e l s  may o v e r l a p  c o n s i d e r a b l y  
i n  s i z e  and age (Gray  and Andrews 
1970; Do lan  and Power 1977; Hansen and 
E v e r s o l e  1984; He l fman e t  a1 . 1984a) .  
I n  a d d i t i o n  t o  t h e  p o s s i b l e  
f r e s h w a t e r - s a l  t w a t e r  v a r i a t i o n  i n  t h e  
sex r a t i o ,  t h e r e  seems t o  be geog- 
r a p h i c  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  
o f  t h e  sexes.  V ladykov  (1966)  w r o t e  
t h a t  males p redomina te  f r o m  New J e r s e y  
t o  F l  o r i  da, whereas fema les  predomi n -  
n a t e  f r o m  New York  t o  Newfoundland. 
A l t h o u g h  work  i n  Sou th  C a r o l i n a  and 
Georg ia  d i d  n o t  s u p p o r t  t h e  i d e a  t h a t  
s o u t h e r n  s t o c k s  a r e  p r e d o m i n a n t l y  
male,  t h e  pe rcen tage  o f  males was 
h i g h e r  t h a n  t h a t  r e p o r t e d  i n  n o r t h e r n  
a reas .  V ladykov b e l i e v e d  t h a t  a  
l a t i t u d i n a l  change i n  sex c o m p o s i t i o n  
was r e l a t e d  t o  t h e  s i z e  d i f f e r e n c e s  i n  
e l v e r s  a l o n g  t h e  c o a s t ,  and supposed 
t h a t  t h e  s m a l l e r  e l v e r s  e n t e r i n g  
s o u t h e r n  streams become males  and t h e  
1  a r g e r  e l v e r s  e n t e r i n g  n o r t h e r n  
systems deve lop  i n t o  females .  The 
presumed geograph ic  d i s t r i b u t i o n  o f  
sex i n  t h e  Amer ican e e l  may be a  
r e s u l t  o f  s e l e c t i v i t y  o f  samp l ing  gea r  
and t h e  p o s s i b l e  e x c l u s i o n  o f  s m a l l e r  
males i n  n o r t h e r n  s t u d i e s ,  p l u s  t h e  
assumpt ion  t h a t  t h e  geograph jc  d i s -  
t r i b u t i o n  o f  sex i n  t h e  Amer ican e e l  
wou ld  p a r a l l e l  t h a t  demons t ra ted  f o r  
t h e  European e e l  ( D o l a n  and Power 
1977) .  
L i m i t e d  e v i d e n c e  sugges ts  t h a t  
t h e  gender  o f  American e e l s  i s  d e t e r -  
mined t o  some e x t e n t  by  e n v i r o n m e n t a l  
f a c t o r s .  Fahay (1978)  w r o t e  t h a t  t h e  
sex o f  t h e  European e e l  can be 
e n v i r o n m e n t a l l y  i n f l u e n c e d ,  b u t  i n d i -  
c a t e d  t h a t  t h e  f a c t o r s  r e s p o n s i b l e  
c o u l d  o n l y  be s p e c u l a t e d  abou t .  The 
1  ong deve lopmenta l  p e r i o d  i n  f r e s h -  
w a t e r  o r  b r a c k i s h  w a t e r  i n  c o m b i n a t i o n  
w i t h  j u v e n i l e  h e r m a p h r o d i t i s m  p r o v i d e s  
a  s e t t i n g  i n  w h i c h  e n v i r o n m e n t a l  
f a c t o r s  c o u l d  r e g u l a t e  t.he gender  o f  
e e l  s  . 
Male  Amer ican e e l s  t e n d  t o  be 
more abundant i n  e s t u a r i e s  t h a n  i n  
u p r i v e r  s i t e s ,  and more males have 
been found  i n  S o u t h e a s t e r n  S t a t e s  t h a n  
i n  ~ o r t h e r n  l o c a t i o n s .  One p o s s i b l e  
e x p l a n a t i o n  i s  t h a t  male  l e p t o c e p h a l  i 
and e l v e r s  do n o t  m i g r a t e  as f a r  as 
females, and hence rema in  i n  s o u t h e r l y  
o r  downstream a reas .  I t  i s  a l s o  pos- 
s i b l e  t h a t  ma le  e e l s  p r e f e r  h i o h e r  
s a l i n i t i e s  t h a n  fema les  and move 
downstream t o  c o a s t a l  a reas  a f t e r  t h e y  
a r e  d i f f e r e n t i a t e d ,  b u t  t h i s  behav- 
i o r a l  p a t t e r n  has n o t  been observed 
and i t  wou ld  n o t  e x p l a i n  t h e  l a t i -  
t u d i n a l  t r e n d .  Ever1 where males  have 
been f o u n d  t o  be most  abundant,  i n  
Georg ia  e s t u a r i e s  (He l fman e t  a l .  
1984a),  t h e y  a r e  s t i l l  outnumbered by  
fema les .  
The f a c t  t h a t  American e e l s  
appear  t o  be a  s i n g l e ,  p a n m i c t i c  
p o p u l a t i o n  sugges ts  t h a t  l a t i t u d i n a l  
v a r i a t i o n s  i n  t h e  sex r a t i o  a r e  n o t  
g e n e t i c a l l y  de te rm ined  b u t  c o u l d  be 
due t o  v a r i a t i o n s  o f  e n v i r o n m e n t a l  
f a c t o r s ,  such as f o o d  qua1 i t y  and 
p o p u l a t i o n  d e n s i t y  (Fahay 1978) .  
Parsons e t  a l .  (1977)  b e l i e v e d  t h a t  
s t o c k i n g  o f  European e e l  e l v e r s  i n t o  
Lough Neagh, N o r t h e r n  I r e l a n d ,  l e d  t o  
a  h i g h e r  p o p u l a t i o n  d e n s i t y  and a  
marked i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  
male  e e l s  t h a t  s u b s e q u e n t l y  e m i g r a t e d  
f r o m  t h e  l a k e .  S i m i l a r l y ,  Egusa 
(1979)  i n d i c a t e d  t h a t  e l v e r s  o f  A. 
- 
a n g u i i l a  and A. j a p o n i c a  grown i n  
J a ~ a n e s e  ~onds-under crowded c o n d i  - 
t i  bns h i g h e r  pe rcen tages  o f  
males  t h a n  a r e  f o u n d  i n  w i l d  popu- 
l a t i o n s ,  s u g g e s t i n g  t h a t  v a r i a t i o n s  i n  
t h e  sex r a t i o  o f  a n g u i l l i d  e e l  popu- 
l a t i o n s  may be r e l a t e d  t o  p c p u l a t i o n  
d e n s i t y .  Sa l  i n i  t y  a p p a r e n t l y  i s  n o t  
an i m p o r t a n t  sex d e t e r m i n a n t ;  sex 
r a t i o s  were s i m i l a r  i n  t h e  f r e s h w a t e r  
and b r a c k i s h  w a t e r  c u l  t u r e  ponds 
s t u d i e d  by Egusa. 
Growth r a t e ,  wh ich  i s  a f f e c t e d  by  
tempera tu re ,  f o o d  a v a i l a b i l  i ty,  and 
l e n g t h  o f  t h e  g row ing  season, m i g h t  
a l s c  be a  f a c t o r  i n  d e t e r m i n i n g  sex.  
T h i s  c o u l d  r e s u l t  i r !  d i f f e r e n t  1  i f e  
h i s t o r y  s t r a t e g i e s  f o r  males  and 
females  (He l fman e t  a l . ,  i n  p r e s s ) .  
E e l s  t h a t  grow r a p i d l y ,  such as t h o s e  
i n  h i g h l y  p r o d u c t i v e  s o u t h e r n  
e s t u a r i e s ,  may have g r e a t e r  r e p r o -  
d u c t i v e  f i t n e s s  i f  t h e y  a r e  males.  
T h i s  i s  e s p e c i a l l y  t r u e  i f  r a p i d  
g r o w t h  r e s u l  t s  i n  e a r l  i e r  m a t u r a t i o n  
( s e e  S tea rns  and C r a n d a l l  1984) .  
L a r g e  s i z e  wou ld  n o t  be b e n e f i c i a l  t o  
male  e e l s  because s m a l l  m a t u r e  males  
can produce an abundance o f  gametes. 
However, t h e  f e c u n d i t y  o f  f ema le  e e l s  
i s  h i g h l y  dependent on s i z e .  There-  
f o r e ,  f ema les  t h a t  grow s l o w e r  b u t  
r e a c h  l a r g e r  s i z e s ,  such as t h o s e  i n  
n o r t h e r n  and u p r i v e r  1  o c a t i o n s ,  
p r o b a b l y  c o n t r i b u t e  more eggs t o  t h e  
n e x t  g e n e r a t i o n  t h a n  do females  t h a t  
grow r a p i d l y  b u t  m a t u r e  a t  younger  
ages and s m a l l e r  s i z e s ,  such as t h o s e  
i n  t h e  s o u t h e a s t e r n  U n i t e d  S t a t e s .  
N a t u r a l  s e l e c t i o n  wou ld  p e r p e t u a t e  
such a  sys tem where t h e  f a s t e s t  
g r o w i n g  e e l s  t e n d  t o  be males  whereas 
e e l s  t h a t  grow s l o w e r  b u t  g e t  l a r g e r  
a r e  fema les  (He l fman e t  a1 . , i n  
p r e s s ) .  
E e l s  a r e  more a c t i v e  a t  n i g h t  
t h a n  d u r i n g  t h e  day. D i r e c t  obse rva -  
t i o n  o f  y e l l o w  e e l s  i n  a  n o r t h  F l o r i d a  
c a v e - s p r i  ng i n d i c a t e d  t h a t  e e l s  
changed b e h a v i o r  a t  dawn and dusk,  
when l i g h t  l e v e l s  were g e n e r a l l y  
10-100 1  ux (He1 fman 1986) .  L a b o r a t o r y  
s t u d i e s  have shown t h a t  s i l v e r  e e l s  
a r e  a l s o  p o r e  a c t i v e  i n  darkness t h a n  
i n  l i g h t ,  and t h a t  a c t i v i t y  peaks 
d u r i n g  1  i g h t - d a r k  t r a n s i t i o n  (Ede l  
1975, 1979) .  T e l e m e t r y  showed t h a t  
y e l l o w  e e l s  i n  a  t i d a l  c r e e k  were 
g e n e r a l l y  i n a c t i v e  d u r i n g  t h e  day and 
a c t i v e  a t  n i g h t  (He l fman e t  a l .  1983) .  
A c t i v i t y  was, however, i n f l u e n c e d  by 
t i d a l  c y c l e s  w i t h  e e l s  e x h i b i t i n g  
g r e a t e r  a c t i v i t y  d u r i n g  h i g h  t i d e .  I n  
a  t i d a l  cove s t u d i e d  i n  Maine,  e e l s  
were m o d e r a t e l y  abundant  i n  s e i n e  
h a u l s  a t  n i g h t  b u t  were n e v e r  c a p t u r e d  
d u r i n g  t h e  day (McCleave and F r i e d  
1975) .  Commercial h a r v e s t  i n f o r m a t i o n  
a l s o  i n d i c a t e s  t h a t  e e l s  a r e  more 
a c t i v e  a t  n i g h t  ( s e e  E a l e s  1968; Tesch 
1977) .  
E s t i m a t e s  o f  t h e  home range  o f  
e e l s  e x t e n d  t o  3.4 ha i n  sma l l  
s t reams, t i d a l  r i v e r s ,  and t i d a l  
c r e e k s  (Gunning and Shoop 1962; 
B i a n c h i n i  e t  a l .  1982; Bozeman e t  a l .  
1985);  f r o m  2.4 t o  65.4 ha i n  a  l a r g e  
l a k e  (LaBar  and Facey 1983);  and < 100 
m a l o n g  a  t i d a l  c r e e k  i n  summer i n  a  
Massachuse t t s  s a l t  v a r s h  ( F o r d  and 
Merce r  1986) .  Fo rd  and K e r c e r  
suggested t h a t  l a r g e  e e l s  may 
e s t a b l i s h  t e r r i t o r i e s  i n  t h e  w i d e r  
marsh c r e e k s ,  t h u s  r e s t r i c t i n g  s m a l l  
e e l s  t o  n a r r o w e r  c r e e k s  a t  t h e  back 
o f  t h e  marsh. P g o n i s t i c  i n t e r a c t i o n s  
i n  wh ich  l a r g e  e e l s  d i s p l a c e  s m a l l e r  
e e l s  have been r e p o r t e d  e l  sewhere 
(He1 fman 1986) .  
E e l s  b e g i n  t h e  sp?wning m i g r a t i o n  
i n  l a t e  summer and f a l l  t h r o u g h o u t  
much o f  New England and e a s t e r n  
Canada. M i g r a t i o n  f r o m  l a k e s  t h a t  a r e  
w e l l  in1ar ;d  may b e g i n  e a r l i e r .  
Catches o f  e e l s  l e a v i n g  Lake Champlain 
b y  way o f  t h e  R i c h i l e a u  R i v e r  were 
h e a v i e s t  f r o m  June t o  August  (R. 
Thuot  , commerical  f i she rman ,  I b e r -  
v i l l e ,  Quebec; p e r s .  comm.). E e l s  
seew t o  l e a v e  l a t e r  i n  t h e  South-  
e a s t e r n  and M i d d l e  A t 1  a n t i c  U n i t e d  
S t a t e s  t h a n  i n  New England S t a t e s .  
T h i s  d e l a y  may f u n c t i o n  t o  s y n c h r o n i z e  
a r r i v a l  a t  t h e  spawning grounds i n  t h e  
Sargassu Sea (Wenner 1973; Facey and 
He1 fman, i r !  p r e s s ) .  Many downstream 
m i g r a t i n g  e e l s  may n o t  y e t  have 
deve loped t h e  e x t e r n a l  c h a r a c t e r i s t i c s  
a s s o c i a t e d  w i t h  t h e  m i g r a t o r y  s i l v e r  
e e l  s t a g e .  N o r t h e r n  e e l s  may b e g i n  
m i g r a t i o n  a t  an e a r l  i e r  d e v ~ l  opmental  
s tage,  perhaps t o  cowpensate f o r  t h e  
l o n g e r  t i m e  r e q u i r e d  t o  r e a c h  t h e  
spawning grounds (Wenner 1973) .  
The metamorphos is  f r o m  y e l l o w  e e l  
t o  s i l v e r  e e l  i n c l u d e s  s e v e r a l  p h y s i o -  
l o g i c a l  changes: ( 1 )  c o l o r  change ( t o  
a  m e t a l l i c ,  b ronze -b lack  sheen; pec- 
t o r a l  f i n s  change f r o m  y e l l o w - g r e e n  t o  
b l a c k ) ;  ( 2 )  f a t t e n i n g  o f  t h e  body; ( 3 )  
t h i c k e n i n g  o f  t h e  s k i n ;  ( 4 )  e n l a r g e -  
ment o f  t h e  eyes and changes i n  v i s u a l  
p igmen ts  i n  t h e  eye i n  p r e p a r a t i o n  f o r  
m i g r a t i n g  a t  g r e a t e r  ocean dep ths  
(V ladykov  1973; B e a t t y  1975) ;  ( 5 )  
i n c r e a s e d  l e n g t h  o f  c a p i l l a r i e s  i n  t h e  
r e t e  o f  t h e  swim b l a d d e r ,  wh ich  a l s o  
may be an i n d i c a t i o n  o f  m i g r a t i o n  a t  
g r e a t e r  dep ths  ( K l e c k n e r  and K ruger  
1981) ;  and ( 6 )  d e g e n e r a t i o n  o f  t h e  
d i g e s t i v e  t r a c t .  S i l v e r  (metamor- 
phosed) e e l s  appear t o  be b e t t e r  
adapted t o  swimming t h a n  y e l l o w  e e l s  
(Holmberg and Saunders 1979) .  
Few d e t a i l s  a r e  known abou t  t h e  
o c e a n i c  spawning m i g r a t i o n  o f  t h e  
American e e l .  The f i r s t  c o l l e c t i c n s  
o f  a d u l t s  i n  o f f s h o r e  w a t e r s  were 
r e p o r t e d  hy Wenner (1973)  i n  t h e  open 
ocean s o u t h e a s t  o f  Cape Cod; e a s t  o f  
Assateague I s l a n d ,  N o r t h  C a r o l i n a ;  and 
s o u t h e a s t  o f  Chesapeake Bay. The 
means by  wh ich  e e l s  l o c a t e  t h e  spawn- 
i n g  grounds a r e  p o o r l y  unders tood .  
M i l e s  (1968)  conc luded  t h a t  e e l s  were 
c a p a b l e  o f  n o n c ~ l e s t i a l  o r i e n t a t i o n  
( s o u t h w a r d ) ,  arc! Rommel and S tasko  
(1973)  i n d i c a t e d  t h a t  e e l s  may use 
g e o e l e c t r i c  f i e 1  ds genera ted  by  ocean 
c u r r e n t s  f o r  o r i e n t a t i o n .  Rob ins  e t  
a l .  (1979)  photographed two a d u l t  
A n g u i l l a  e e l s  on t h e  f l o o r  o f  t h e  
A t l a n t i c  Ocean i n  t h e  Bahamas a t  
dep ths  o f  a b o u t  2000 m, and a1 though 
i t  was i m p o s s i b l e  t c  i d e n t i f y  t h e  
spec ies ,  t h e  a u t h o r s  be1 i e v e d  t h e  
specimens t o  bp p r e s p a w n i ~ g  - A. 
r o s t r a t a .  
S tasko  and Rommel (19771, who 
t r a c k e d  f i v e  m i g r a t i n g  eels,  i n  t h e  
l o w e r  S t .  C r o i x  R i v e r  e s t u a r y ,  New 
Brunswick ,  Canada, r e p o r t e d  t h a t  one 
e e l  moved 25 km i n  20 h  and a n o t h e r  
moved 38 km i n  40 h .  The e e l s  t h e y  
s t u d i e d  showed c o n s i d e r a b l e  v e r t i c a l  
movements i n  t h e  w a t e r  column; 
b e h a v i o r  d i d  n o t  change w i t h  d i e 1  o r  
t i d a l  c y c l e s .  Edel  (1976)  be1 i e v e d  
t h a t  t h e  d e p t h  a t  wh ich  American e e l s  
m i g r a t e  i n  t h e  ocean v a r i e d  w i t h  l i g h t  
i n t e n s i t y ,  and t h a t  swimming d e p t h  
v a r i e d  w i t h  t u r b i d i t y  o f  t h e  w a t e r .  
GROWTH CHARACTERISTICS 
F c r  t h e  American e e l  t h e  l e n g t h  
a t  h a t c h i n g  i s  n o t  known; however, t h e  
J?panese e e l  ha tches  a t  abou t  2.7 mm 
(Yamamoto and Yavauchi  1974) .  Growth 
r a t e  o f  American e e l  l e p t o c e p h a l  i has 
been e s t i m a t e d  t o  be 0.243 ~ n i / d a y  
(Wi ppe l  hauser  e t  a1 . 1985) .  La rvae  
t y p i c a l l y  r e a c h  40 t o  70 mm a f t e r  1 
y e a r .  The metamorphos is  f r o m  p l a n k -  
t o n i c  l a r v a  t o  t h e  ups t ream m i g r a t i n g  
f o r m  i s  accompanied by  a  dec rease  i n  
l e n g t h  and w e i g h t  due t o  r e d u c t i o n  i n  
w a t e r  c o n t e n t  of  t h e  body. G lass  e e l s  
c a p t u r e d  w h i l e  m i g r a t i n g  ups t ream i n  
l a t e  Februa ry  i n  Georg ia  were 49-56 mm 
l o n g  and 250-300 days o l d  (He l fman  e t  
a l .  1984a).  The l e n g t h  o f  g l a s s  e e l s  
c o l  l e c t e d  f r o m  January  t h r o u g h  A p r i l  
i n  Sou th  C a r o l i n a  averaged 55 mm l o n g  
and ranged f r o m  45 t o  65 mm (Horn-  
b e r g e r  e t  a l .  1978) .  R i c k e r  and 
S q u i e r s  (1974)  r e p o r t e d  t h a t  g l a s s  
e e l s  and e l v e r s  caugh t  a l o n g  t h e  c o a s t  
o f  Maine f r o m  l a t e  A p r i l  t h r o u g h  t h e  
end o f  June averaged 59.2 mm (95% 
c o n f i d e n c e  i n t e r v a l  , 57.5-60.8 mm) . 
E l v e r s  grow s l o w l y ,  r e a c h i n g  abou t  127 
mm a f t e r  t h e  f i r s t  y e a r  i n  f r e s h w a t e r  
( B i g e l  ow and Schroeder  1953).  Ye1 1  ow 
e e l s  t y p i c a l l y  grow s l o w l y  b u t  r e a c h  
w e i g h t s  up t o  6.8 kg; females  caugh t  
f r o m  t h e  S t .  Lawrence R i v e r  were 960 
t o  1,270 mm i n  l e n g t h  and weighed 0.9 
t o  4.5 kg  (Fahay 1978) .  Females grow 
t o  a  l a r g e r  s i z e  t h a n  males .  
E e l s  have been aged from o t o l i t h s  
and s c a l e s .  ' O t o l i t h s  i n  e e l s  c o n s i s t  
o f  a  t r a n s l u c e n t  n u c l e u s  ( fo rmed  a t  
sea ) ,  su r rounded  by  b road  opaque 
summer zones and na r row t r a n s l u c e n t  
w i n t e r  zones (Gray and Andrews 1971) .  
E e l s  i n  Canadian w a t e r s  fo rmed t h e i r  
f i r s t  s c a l e s  a t  160 t o  200 mm d u r i n g  
t h e i r  t h i r d  t o  f i f t h  y e a r  o f  l i f e ,  and 
annual  r i n g s  were formed on t h e  s c a l e s  
i n  subsequent  w i n t e r s  ( S m i t h  and 
Saunders 1955) .  Thus, i n  n o r t h e r l y  
areas,  age i n  y e a r s  g e n e r a l l y  i s  t h e  
number o f  s c a l e  r i n g s  p l u s  t h r e e .  
However, because s c a l e s  c o n t i n u e  t o  
form as t h e  e e l  grows, d i f f e r e n t  
s c a l e s  f r o m  t h e  same f i s h  y i e l d  
d i f f e r e n t  ages ( S m i t h  and Saunders 
1955) .  A l t h o u g h  o t o l i t h s  may show 
more t h a n  one opaque r i n g  i n  a  y e a r  
(Dee1 d e r  1976) ,  t h e y  a r e  p r e f e r r e d  f o r  
e s t i m a t i n g  t h e  age o f  e e l s .  
Growth r a t e s  w i t h i n  y e a r  c l a s s e s  
a r e  h i g h l y  v a r i a b l e ,  l e a d i n g  t o  
c o n s i d e r a b l e  v a r i a t i o n  i n  l e n g t h  a t  
age and poor  p r e d i c t a b i l i t y  o f  age 
f rom s i z e .  Leng ths  of  e e l s  a t  v a r i o u s  
ages i n  n o r t h e r n  l o c a l e s  a r e  summa- 
r i z e d  i n  T a b l e  1. E e l s  i n  t h e  South-  
e a s t e r n  U n i t e d  S t a t e s  seem t o  ma tu re  
a t  younger  ages and s m a l l e r  s i z e s  and 
t h e r e f o r e  may n o t  g e t  as l a r g e  as 
n o r t h e r n  e e l s  (He1 fman e t  a1 . 1984a) .  
The g r e a t  v a r i a b i l i t y  i n  l e n g t h  
w i t h i n  an age c l a s s  makes i t  v i r t u a l l y  
i m p o s s i b l e  t o  a c c u r a t e l y  e s t i m a t e  e e l  
g r o w t h  r a t e s  f rom l e n g t h - a g e  r e g r e s -  
s i o n s .  Perhaps t h e  b e s t  way t o  d e t e r -  
m ine  g r o w t h  r a t e s  i s  t o  m o n i t o r  
i n d i v i d u a l s  d u r i n g  l o n g - t e r m  t a g g i n g  
s t u d i e s .  He l fman e t  a l .  (1984b)  com- 
pa red  g r o w t h  r a t e s  e s t i m a t e d  f r o m  
l e n g t h - a g e  a n a l y s i s  t o  measured g rowth  
r a t e s  o f  tagged e e l s  ( i n i t i a l  s i z e :  
275-475 mm) i n  a  Georg ia  e s t u a r y .  On 
t h e  b a s i s  of  i n d i r e c t  reasu remen ts  
( 1  ength-age r e g r e s s i o n  and mean- 
l e n g t h - a t - a g e  a n a l y s i s ) ,  e s t i m a t e d  
annual  g r o w t h  r a t e s  were 44 mmlyear, 
whereas i ndependen t  d i r e c t  measure- 
ments ( seasona l  summation and 1  ong- 
t e r m  r e c a p t u r e s )  y i e l d e d  v a l u e s  o f  57 
and 62 mmlyear.  Gunning and Shoop 
(1962)  r e p o r t e d  t h a t  f o u r  r e c a p t u r e d  
e e l s  ( i n i t i a l  l e n g t h s ,  255-915 mm) i n  
L o u i s i a n a  s t reams grew an average o f  
140 mmlyear ( range,  46-325 mmlyear ) .  
I n  Massachuse t t s  s a l  t marshes, 
H a e d r i c h  and Po l  l o n i  (1978)  showed 
t h a t  e e l s  a v e r a g i n g  52 cm l o n g  grew 
a b o u t  4% p e r  y e a r ,  and P o l l o n i  e t  a l .  
(1980)  r e p o r t e d  t h a t  e e l s  500-700 mm 
l o n g  grew a b o u t  6% ( range ,  4.1-8.4%).  
The l e n g t h s  of  10 e e l s  tagged i n  1979 
and r e c a p t u r e d  i n  1986 i n  Vermont 
w a t e r s  o f  Lake Champlain i n c r e a s e d  an 
average of  9.7 cm o v e r  t h e  7 -yea r  
p e r i o d  ( D r .  G.  W .  LaBar,  U n i v e r s i t y  o f  
Vermont, B u r l  i n g t o n ;  p e r s .  comm.) . 
COMMERCIAL AND SPORT FISHERIES 
The European m a r k e t  has been t h e  
m a j o r  o u t l e t  f o r  U.S. l a n d i n g s  o f  
y e l l o w  and s i l v e r  e e l s  (Fahay 1978) .  
E e l s  a r e  ha rdy  and can be d e n s e l y  
packed and sh ipped  a l i v e  i f  t h e y  a r e  
T a b l e  1. T o t a l  l e n g t h s  (cm) o f  American e e l s  a t  v a r i o u s  ages i n  d i f f e r e n t  
l o c a l  i t i e s .  
L o c a l  i t y  
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h ~ a n s e n  and E v e r s o l e  1984. Ages e s t i m a t e d  by a d d i n g  1 y e e r  t o  t h e  number 
o f  i n l a n d  y e a r s  r e p o r t e d  by a u t h o r s .  
k e p t  m o i s t ,  c o o l ,  and s u p p l i e d  w i t h  
oxygen. A1 though  1  i v e  e e l s  a r e  
p r e f e r r e d  i n  Europe, many a r e  sh ipped  
f r o z e n  . 
Commercial f i s h e r m e n  use a  v a r i -  
e t y  o f  methods t o  c a t c h  e e l s ,  i n c l u d -  
i n g  l i f t  n e t s ,  d r i f t  n e t s ,  t r a p s ,  
w e i r s ,  o t t e r  t r a w l s ,  pound n e t s ,  f y k e  
n e t s ,  spears ,  hand1 i n e s ,  e e l  p o t s ,  and 
h a u l  s e i n e s  (Fahay 1978) .  Y e l l o w  e e l s  
i n  f r e s h w a t e r  o r  b r a c k i s h  w a t e r  a r e  
t a k e n  p r i m a r i l y  w i t h  b a i t e d  t r a p s  o r  
e e l  p o t s .  
A  summary o f  c a t c h  s t a t i s t i c s  
a l o n g  t h e  A t l a n t i c  c o a s t  f r o m  1955 t o  
1973 showed t h a t  l a n d i n g s  f r o m  t h e  
M i d d l e  A t l a n t i c  (New J e r s e y  t o  
V i r g i n i a )  c o n s i s t e n t l y  exceeded t h o s e  
f r o m  t h e  N o r t h  A t l a n t i c  (Maine t o  New 
York )  and South A t l a n t i c  ( N o r t h  Caro- 
l i n a  t o  F l o r i d a )  (Fahay 1978) .  From 
1970 t o  1973, t h e  annual  N o r t h  
A t 1  a n t i c  h a r v e s t  averaged 125,4-18 kg, 
w i t h  an average v a l u e  o f  $84,000. I n  
1977 t h e  e e l  l a n d i n g s  f o r  Maine,  New 
Hampshire,  and Massachuse t t s  were 
abou t  79,700, 2,700, and 143,300 kg, 
v a l u e d  a t  $263,000, $5,000, and 
$173,000, r e s p e c t i v e l y  (U.S. D e p a r t -  
ment o f  Commerce 1984) .  Massachuse t t s  
l a n d i n g s  were a b o u t  100,300 k g  i n  
1978 and 81,800 k g  i n  1979 (U.S.  
Depar tment  o f  Commerce 1980a),  and 
Maine l a n d i n g s  were a b o u t  60,500 kg 
i n  1978 and 50,400 k g  i n  1979 (U.S. 
Depar tment  o f  Commerce 1980b) .  By 
1985 t h e  Massachuse t t s  c a t c h  was l e s s  
t h a n  3,800 k g  (E.D. Hubbard, Massachu- 
s e t t s  D i v i s i o n  o f  M a r i n e  F i s h e r i e s ;  
p e r s .  comm.). Land ings  i n  Maine and 
Massachuse t t s  i n  1980-85 a r e  shown i n  
T a b l e  2. Some o f  t h e  l a n d i n g  s t a t i s -  
t i c s  may be i n a c c u r a t e .  
A1 though U.S. e e l  h a r v e s t s  seemed 
t o  be i n c r e a s i n g  t h r o u g h  t h e  19701s ,  
e e l  f i s h i n g  i n  New England has 
d e c l  i n e d  d r a s t i c a l l y  i n  r e c e n t  y e a r s .  
The s i t u a t i o n  may be due t o  reasons 
c i t e d  by  E. D. Hubbard, i n  h e r  
assessment o f  t h e  Massachuse t t s  e e l  
f i s h e r y  ( p e r s .  comm., June 1986) .  
Tab1 e  2. P r e l  i m i  n a r y  commercial  
f i s h e r y  l a n d i n g s  o f  e e l s  i n  Maine and 
Massachuset ts ,  1980-1985~.  ( I n f o r m a -  
t i o n  p r o v i d e d  by  R .  S c h u l t z ,  Resource 
S t a t i s t i c s  D i v i s i o n ,  N a t i o n a l  M a r i n e  
F i s h e r i e s  S e r v i c e ) .  
- 
Maine Massachuse t t s  
Year w e i g h t  v a l u e  w e i g h t  v a l u e  
( k q )  ( k g )  
a ~ o e s  n o t  i n c l u d e  9  k g  r e p o r t e d  i n  New 
Hampshire i n  1981. 
" D u r i n g  t h e  y e a r s  f r o m  r o u g h l y  
1975 t o  1980 t h e  e s t u a r i n e  e e l  f i s h e r y  
grew c o n s i d e r a b l y  i n  Massachuset ts ,  
p r i n c i p a l l y  on Cape Cod, s o u t h  o f  
Bos ton  and i n  s o u t h e a s t e r n  Massachu- 
s e t t s  c o a s t a l  towns.  Numbers o f  men 
f i s h i n g  i n c r e a s e d  as  w e l l  as t h e  t o t a l  
l a n d i n g s ,  a l t h o u g h  a c c u r a t e  s t a t i s t i c s  
a r e  l a c k i n g .  T h i s  was due t o  t h e  h i g h  
ex -vesse l  p r i c e s  p a i d  t o  f i she rmen ,  
t h e  r e s u l t  o f  renewed i n t e r e s t  and an 
e v e r - i n c r e a s i n g  European e e l  demand. 
Whereas n e a r l y  e v e r y  European c o u n t r y  
consumes e e l  s, apparen t1  y 1  o c a l  
s u p p l i e s  c o u l d  n o t  meet t h e  t o t a l  
demand and so  N o r t h  Amer ican e x p o r t s  
began t o  f i l l  t h i s  gap. 
"Somewhat a b r u p t l y  i n  1981 most  
o f  t h e s e  U.S. e x p o r t  marke ts  plum- 
meted due t o  a  number o f  f a c t o r s ,  b u t  
p r i n c i p a l l y  due t o  t h e  v e r y  t i g h t  
economic s i t u a t i o n  i n  t h e  U.S. as  w e l l  
as  abroad. O t h e r  c o n t r i b u t i n g  f a c t o r s  
were con tamina ted  sh ipments  o f  e e l s  
f r o m  Canada and g r a d i n g  ( 1  i v e  e e l s )  
prob lems.  E x p o r t s  o f  a l l  f i n f i s h  have 
s l  umped o v e r  t h e  1  a s t s e v e r a l  y e a r s  
due t o  an i n f l a t i o n a r y  U.S. d o l l a r .  
D u r i n g  t h i s  t i m e ,  t h e  Europeans 
i m p o r t e d  e e l s  f r o m  new sou rces  a c r o s s  
t h e  P a c i f i c .  
"Seve ra l  w e l l  e s t a b l i s h e d  e e l  
b u y e r s  a l o n g  t h e  Amer ican E a s t  Coas t  
c l o s e d  t h e i r  doo rs  d u r i n g  1982, [ p r i -  
m a r i l y  due] t o  h i g h  s h i p p i n g  c o s t s  and 
i n f l a t e d  exchange r a t e s .  Because buy- 
e r s  were n o t  i n t e r e s t e d  i n  e e l s ,  o r  a t  
much l o w e r  p r i c e s ,  v e r y  few pe rsons  
f i s h e d  d u r i n g  1982, c o n t i n u i n g  t h r o u g h  
t o  t h e  p r e s e n t .  The l a s t  m a j o r  buye r /  
e x p o r t e r  i n  Massachuse t t s  ceased h i s  
e e l  o p e r a t i o n s  i n  1985. W i t h  u n f a v o r -  
a b l e  m a r k e t  c o n d i t i o n s  c o n t i n u i n g  i n  
Europe o v e r  t h e  l a s t  4 t o  5  yea rs ,  t h e  
c o a s t a l  e e l  f i s h e r y  h e r e  i n  Massachu- 
s e t t s  has been p r a c t i c a l l y  n o n e x i s t -  
e n t .  I n  t h e  f a l l  months, t h e  t r a d i -  
t i o n a l  Chr i s tmas  e e l  demand i n  t h e  
l a r g e r  U.S. c i t i e s  means a  s h o r t -  
te rm,  h i g h  p r i c e d  m a r k e t  f o r  f i s h e r -  
men. B u t  o t h e r  t h a n  s c a t t e r e d  and 
seasonal  l y  1  i m i  t e d  s a l e s  demand, 
f i s h e r m e n  have n o t  s e t  t h e i r  p o t s ,  
a1 though t h e  i n t e r e s t  i s  v e r y  h i g h .  
One b u y e r  i n  Maine i s  d o i n g  bus iness  
w i t h  some o f  t h e  l o c a l  f i s h e r m e n  and 
a n o t h e r  company i n  New Hampshire has 
v e r y  r e c e n t l y  exp ressed  i n t e r e s t  i n  
e x p o r t i n g  e e l  s  ." 
I t  i s  p o s s i b l e ,  however,  t h a t  
European demand f o r  Amer ican e e l s  may 
i n c r e a s e  i n  t h e  l a t e  1980 ' s  because o f  
t h e  a c c i d e n t a l  r e l e a s e  o f  t o x i c  
chemica l s  i n t o  t h e  upper  Rh ine R i v e r  
i n  f a l l  1986; hundreds o f  thousands o f  
European e e l s  were k i l l e d .  I f  t h e  
a c c i d e n t  s i g n i f i c a n t l y  a f f e c t s  
European e e l  f i s h e r i e s  f o r  many y e a r s ,  
an i n c r e a s e d  demand f o r  Amer ican e e l s  
m i g h t  e x t e n d  i n t o  t h e  1 9 9 0 ' s .  
A  f i s h e r y  f o r  European e e l  e l v e r s  
began i n  Europe d u r i n g  t h e  l a t e  1 9 6 0 ' s  
t o  s u p p l y  J a p a n ' s  demand f o r  young 
e e l s  t o  use i n  pond c u l t u r e .  E l v e r s  
were packed 1  i v e  i n  boxes and sh ipped  
t o  Japan, where p r i c e s  p a i d  f o r  l o c a l  
A. j a p o n i c a  e l v e r s  were $7/kg i n  
- 
1965-68, $300/kg i n  1969, and $330 t o  
$925/kg i n  1971-73 (Fahay 1978; Egusa 
1979) .  P r i c e s  p a i d  f o r  European e e l  
e l v e r s  i n  Japan i n i t i a l l y  were 
e q u i v a l e n t  t o  t h o s e  p a i d  f o r  l o c a l  
e l v e r s ,  b u t  European e e l  s  were 
i n f e r i o r  i n  t h e  pond c u l t u r e  systems 
because o f  p o o r  g r o w t h  and d i s e a s e  
prob lems;  i n  1973, t h e  Japanese p a i d  
o n l y  $30 t o  $50/kg f o r  European e l v e r s  
(Egusa 1979) .  
Repor t s  o f  $100 t o  $2,000 p e r  kg 
a t t r a c t e d  some Maine f i s h e r m e n  i n t o  
t h e  e l v e r  market ,  b u t  t h e y  found t h a t  
t h e s e  r e p o r t s  were i n f l a t e d  o v e r  t h e  
a c t u a l  v a l u e  o f  a  s u c c e s s f u l  sh ipment  
( R i c k e r  and S q u i e r s  1974).  E l v e r s  
v a r y  w i d e l y  i n  s i z e ,  and t h e  number 
p e r  k i l o g r a m  may r a n g e  f rom abou t  
2,200 t o  more t h a n  12,000 ( R i c k e r  and 
S q u i e r s  1974) .  She1 don ( 1974) 
r e p o r t e d  l o c a t i o n s  and t e c h n i q u e s  f o r  
c a t c h i n g ,  h o l d i n g ,  and t r a n s p o r t i n g  
e l v e r s  i n  Maine.  I n  Maine,  e l v e r  
l a n d i n g s  were 10 m e t r i c  t o n s  i n  1977 
and 7.6 i n  1978, v a l u e d  a t  $110,000 
and $63,251 (Dow 1982) .  Massachuse t t s  
p r o h i b i t s  h a r v e s t i n g  o f  e l v e r s  e x c e p t  
f o r  a q u a c u l t u r e  purposes,  f o r  wh ich  a  
p e r m i t  i s  r e q u i r e d .  From 1978 t o  1986 
o n l y  one such p e r m i t  was r e q u e s t e d  and 
i s s u e d  (E.D. Hubbard; p e r s .  comm.). 
The Japanese E l v e r  C u l t u r e  A s s o c i a t i o n  
began a s s e s s i n g  t h e  per formance o f  
Maine e l v e r s  i n  t h e  m i d  1970 ' s .  The re  
have been r e p o r t s  t h a t  t h e  e l v e r s  o f  
t h e  Amer ican e e l  d i d  n o t  t h r i v e  and 
t h a t  t h e  Japanese e e l  c u l t u r e  i n d u s t r y  
began b u y i n g  A. j a p o n i c a  e l v e r s  f r o m  
China ( L .  F l a g g ,  Maine Depar tment  o f  
M a r i n e  Resources;  pe rs .  comm. ) . 
The f e a s i  b i  1  i t y  o f  commercial  
"g row-ou t "  o p e r a t i o n s  i n  N o r t h  
C a r o l i n a  was assessed by  E a s l e y  and 
Freund (1977) .  I n t e r e s t  i n  c u l t u r i n g  
was s t i m u l a t e d  b y  r i s i n g  p r i c e s  d u r i n g  
t h e  l a t e  1 9 6 0 ' s  and e a r l y  1 9 7 0 1 s ,  b u t  
c o n s i d e r a b l e  r e f i n e m e n t  o f  t e c h n i q u e s  
was needed. Development o f  e e l  aqua- 
c u l t u r e  has focused  on methods f o r  
c o l l e c t i n g  e l v e r s  and on p h y s i c a l  
f e a t u r e s  o f  grow-out  systems. Hormone 
i n j e c t i o n s  can be used t o  i n d u c e  
m a t u r a t i o n  o f  f ema le  Amer ican e e l s  
(Ede l  1976) ,  b u t  p r o p e r  spawning 
c o n d i t i o n s  a r e  unknown, and e e l  c u l -  
t u r e  remains  dependent on c a p t u r i n g  
w i l d  e l v e r s .  H i n t o n  and E v e r s o l e  
(1978, 1979, 1980) e v a l u a t e d  t h e  t o x i c  
e f f e c t s  o f  chemica l s  commonly used i n  
a q u a c u l t u r e  on g l a s s  e e l s  (mean 
l e n g t h ,  55 mm), e l v e r s  (mean l e n g t h ,  
97 mm) , and ye1  1  ow e e l  s  c o l  l e c t e d  f r o m  
South  C a r o l i n a  r i v e r s .  Lower tem- 
p e r a t u r e s  and t h e  s h o r t e r  g row ing  
season m i g h t  make commerc ia l  c u l t u r i n g  
o f  e e l s  l e s s  p r a c t i c a l  a t  n o r t h e r n  
l a t i t u d e s .  
R e s t r i c t i o n s  on e e l  h a r v e s t  v a r y  
among t h e  N o r t h  A t l a n t i c  s t a t e s .  I n  
Maine t h e  s i z e  o f  c a t c h  i s  n o t  
r e g u l a t e d ,  b u t  c e r t a i n  p e r m i t s  and 
r e g u l a t i o n s  p e r t a i n  t o  some towns and 
r i v e r s  ( R i c k e r  1976) .  Commercial 
f i s h i n g  l i c e n s e s  a r e  i s s u e d  by  t h e  
Depar tment  o f  M a r i n e  Resources,  o r  by  
t h e  Depar tment  o f  I n l a n d  F i s h e r i e s  and 
W i l d l i f e  ( f o r  i n l a n d  w a t e r s ) .  The 
Depar tment  o f  M a r i n e  Resources a l s o  
i s s u e s  l i c e n s e s  f o r  anyone b u y i n g  o r  
s e l l i n g  e e l s  i n  t h e  w h o l e s a l e  t r a d e .  
I n  Massachuset ts ,  c o a s t a l  towns 
r e g u l a t e  commerc ia l  e e l  f i s h i n g  i n  
s a l t w a t e r  and e s t u a r i e s  (Amaral  1982; 
E.D. Hubbard; p e r s .  comm.). O n l y  e e l s  
102 mm ( 4  i n c h e s )  l o n g  o r  l o n g e r  may 
be h a r v e s t e d ,  and o n l y  by n e t s ,  p o t s ,  
spears  and ang l  i n g  . Commercial 
f i s h i n g  f o r  e e l s  i s  p e r m i t t e d  i n  
i n l a n d  w a t e r s ,  b u t  a  p e r m i t  and 
f i s h i n g  1  i c e n s e  a r e  r e q u i r e d .  O n l y  
e e l  p o t s  w i t h  a  mesh no l e s s  t h a n  13 
mm (0.5 i n c h )  and a  f u n n e l  open ina  n o t  
g r e a t e r  t h a n  5 1  mm ( 2  i n c h e s )  may be 
used. Fishermen a r e  r e q u i r e d  t o  keep 
d a i l y  l o g s ,  and no e e l s  l e s s  t h a n  102 
mm l o n g  may be t a k e n .  The D i v i s i o n  o f  
M a r i n e  F i s h e r i e s  i s s u e s  t h e  l i c e n s e s  
r e q u i r e d  t o  s e l l  e e l s .  New Hampshire 
a l s o  p r o h i b i t s  t h e  t a k i n g  o f  e e l s  l e s s  
t h a n  102 mm l o n g  (T .  Spur r ,  New Hamp- 
s h i r e  F i s h  and Game Department,  
Concord; p e r s .  comm. ) . 
P o p u l a t i o n  s i z e  and biomass 
e s t i m a t e s  o f  American e e l s  a r e  s c a r c e  
and v a r y  w i d e l y .  B i a n c h i n i  e t  a1 . 
(1982, c i t e d  by Bozeman e t  a1 . 1985) 
e s t i m a t e d  e e l  biomass a t  75 kg/ha i n  
t h e  t i d a l  s e c t i o n  o f  a  Rhode I s l a n d  
r i v e r .  Bozeman e t  a l .  (1985)  r e p o r t e d  
abou t  13 kg/ha i n  a  Georg ia  t i d a l  
c r e e k .  A  600-111 s e c t i o n  o f  a  marsh 
c r e e k  i n  Massachuse t t s  was e s t i m a t e d  
t o  c o n t a i n  a b o u t  350 y e l l o w  e e l s ,  a  
s t o c k  d e n s i t y  e q u i v a l e n t  t o  875 e e l s /  
ha ( F o r d  and Merce r  1986) .  S t a n d i n g  
c r o p s  up t o  a b o u t  80 kg/ha were 
r e p o r t e d  i n  l a k e s  i n  New Brunsw ick ,  
Nova S c o t i a ,  and P r i n c e  Edward I s l a n d  
( S m i t h  and Saunders 1955) .  The e e l  
b iomass i n  Co leback Lake, Maine,  was 
abou t  50 kg/ha (Rupp and DeRoche 
1965) ,  whereas e s t i m a t e s  i n  s h a l l  ow 
( < 2  m) p o r t i o n s  o f  Lake Champlain,  
Vermont, were 161  t o  4 2 1  kg/ha (LaBar  
and Facey 1983) .  The biomass e s t i -  
mates i n  Lake Champla in  may have been 
h i g h  because t h e r e  had been no com- 
m e r c i a l  e e l  f i s h e r y  on t h e  l a k e  b e f o r e  
t h e  s t u d y .  
E s t i m a t e s  o f  m o r t a l i t y  o r  o t h e r  
v i t a l  s t a t i s t i c s  o f  e e l  s t o c k s  gen- 
e r a l l y  have n o t  been r e p o r t e d ,  and 
f a c t o r s  r e g u l a t i n g  s u r v i v a l  o r  s t o c k  
s i z e  have n o t  been e v a l u a t e d .  He l fman 
( u n p u b l .  MS. l )  suggested t h a t  t h e  
e e l ' s  l o n g  l i f e  i n  f r e s h w a t e r  may make 
t h e  s t o c k s  p rone  t o  l o c a l  o v e r h a r v e s t .  
Keefe  (1982)  suggested t h a t  d e c l i n e s  
i n  c a t c h  o f  e e l s  p e r  u n i t  o f  f i s h i n g  
e f f o r t  i n  N o r t h  C a r o l i n a  i n d i c a t e d  
o v e r h a r v e s t .  Because a l l  Amer ican 
e e l s  spawn i n  t h e  Sargasso Sea, and 
t h e r e  a r e  a p p a r e n t l y  no g e n e t i c a l l y  
d i s t i n c t  s t o c k s  o r  s u b p o p u l a t i o n s  
(Koehn and W i l l i a m s  1978; A v i s e  e t  a l .  
1986) ,  o v e r h a r v e s t  i n  one r e g i o n  c o u l d  
a f f e c t  r e c r u i t m e n t  i n  o t h e r  r e g i o n s .  
Ko lenosky and Hendry (1982)  suggested 
t a k i n g  a  c o n s e r v a t i v e  approach t o  t h e  
h a r v e s t i n g  o f  e e l s  i n  Canadian w a t e r s  
' ~ e v e l  opment and expans ion  o f  t h e  
f i s h e r y  f o r  Amer ican e e l s  i n  Georg ia .  
G.S. He1 fman, Depar tment  o f  Zoo1 ogy , 
U n i v e r s i t y  o f  Georg ia ,  Athens,  GA 
30602. P r o j e c t  summary, U n i v e r s i t y  
o f  Georg ia  Sea G r a n t  Program, 1983. 
o f  Lake O n t a r i o ,  p a r t l y  because o f  t h e  
d e c l i n i n g  c a t c h  p e r  u n i t  o f  e f f o r t .  
N e v e r t h e l e s s ,  some management p o l i c i e s  
a l l o w  o r  encourage l o c a l l y  heavy 
e x p l o i t a t i o n  o f  m i g r a t i n g  s i l v e r  e e l s  
o r  e l v e r s  under  t h e  assumpt ion  t h a t  
t h e  numbers o f  e l v e r s  r e t u r n i n g  i n  
l a t e r  y e a r s  w i l l  be m a i n t a i n e d  by 
escapement o f  spawning s t o c k  f r o m  
o t h e r  areas.  
American e e l s  a r e  c a u g h t  by  s p o r t  
f i s h e r m e n  a l o n g  t h e  e n t i r e  e a s t  c o a s t  
o f  t h e  U n i t e d  S t a t e s .  The e s t i m a t e d  
c a t c h  i n  1979 by  m a r i n e  and e s t u a r i n e  
r e c r e a t i o n a l  f i s h e r m e n  was 113,000 
e e l s  i n  t h e  N o r t h  A t l a n t i c  S t a t e s ,  
172,000 i n  t h e  Vlid A t l a n t i c ,  47,000 i n  
t h e  South  A t l a n t i c ,  and 43,000 i n  t h e  
Gu l f  c o a s t  r e g i o n  (U.S. Depar tment  o f  
Commerce 1981).  
ECOLOGICAL ROLE 
Ye1 l o w  e e l s  a r e  n o c t u r n a l ,  and a  
s i g n i f i c a n t  amount o f  t h e i r  f e e d i n g  i s  
a t  n i g h t  (He l fman 1986) .  They p rob -  
a b l y  depend more on s c e n t  t h a n  on 
s i g h t  t o  l o c a t e  f o o d  (Fahay 1978) .  
The d i e t  i s  d i v e r s e  and g e n e r a l l y  
i n c l u d e s  n e a r l y  a l l  t y p e s  o f  a q u a t i c  
fauna t h a t  occupy t h e  same h a b i t a t s .  
E e l s  swa l l ow  some t y p e s  o f  p r e y  whole ,  
b u t  a l s o  can t e a r  p i e c e s  f r o m  l a r g e  
dead f i s h ,  c rabs ,  o r  o t h e r  i t e m s .  
He l fman and C l a r k  (1986)  documented 
t h e  a b i l i t y  o f  e e l s  t o  g r a s p  l a r g e  
f o o d  i t e m s  and s p i n  r a p i d l y  t o  t e a r  
away p i e c e s .  E e l s  i n  f r e s h w a t e r  f e e d  
on i n s e c t s ,  worms, c r a y f i s h  and o t h e r  
c r u s t a c e a n s ,  f r o g s ,  and f i s h e s .  
E l v e r s  c o l l e c t e d  f r o m  t h e  Cooper 
R i v e r ,  South  C a r o l i n a ,  a t e  a q u a t i c  
i n s e c t s  ( m a i n l y  l a r v a l  and a d u l t  
c h i r o n o m i d s )  , c l a d o c e r a n s ,  amphi pods, 
and f i s h  p a r t s  (McCord 1977) .  The 
d i e t  o f  y e l l o w  e e l s  f r o m  t h e  Cooper 
R i v e r  v a r i e d  w i t h  e e l  s i z e  and season. 
More t y p e s  o f  f o o d  were e a t e n  by 
i n t e r m e d i a t e - s i z e d  e e l s  t h a n  by e l v e r s  
o r  m a t u r i n g  e e l s ;  f i s h  o c c u r r e d  i n  t h e  
d i e t  p r i m a r i l y  i n  w i n t e r  and s p r i n g ,  
whereas i n s e c t s  and m o l l u s k s  were 
eat.en from s p r i n g  t h r o u g h  f a l l .  
Crus taceans,  b i v a l v e s  , and p o l y c h a e t e s  
were t h e  m a j o r  p r e y  o f  e e l s  i n  l o w e r  
Chesapeake Bay; b l u e  c r a b s  
( C a l l  i n e c t e s  sa i d u s )  and s o f t - s h e 1  1  
c lams (Mya a r e n a r i a  -? were s i g n i f i c a n t  
p r e y  (Wenner a n d  Mus ick  1975) .  E e l s  
s h o r t e r  t h a n  40 cm i n  New J e r s e y  
s t reams a t e  m a i n l y  a q u a t i c  i n s e c t s  
whereas l a r g e r  e e l s  f e d  m o s t l y  on 
f i s h e s  and c r u s t a c e a n s  (Ogden 1970).  
Most  f i s h e s  e a t e n  were b o t t o m  dwel -  
l e r s ,  r e f l e c t i n g  t h e  tendency o f  e e l s  
t o  f e e d  n e a r  t h e  bo t tom.  I n  Vermont 
w a t e r s  o f  Lake Champlain,  e e l s  a t e  
p r i m a r i l y  i n s e c t s ,  c r a y f i s h ,  and 
f i s h e s ;  l a r g e r  e e l s  (2 58 cm) a t e  more 
c r a y f i s h  and f i s h e s  t h a n  d i d  s m a l l e r  
e e l s  (Facey and LaBar 1981) .  E e l s  
have been c o n s i d e r e d  s i g n i f i c a n t  
p r e d a t o r s  on young sa l tnon ids ,  b u t  t h i s  
i s  n o t  w e l l  suppor ted  by  t h e  1  i t e r a -  
t u r e .  I n  New Brunsw ick  streams, o n l y  
G o f  300 e e l s  w i t h  f o o d  i n  t h e i r  
stomachs had e a t e n  sa lmon ids  ( G o d f r e y  
1957) .  O f  4,340 European e e l s  
examined f r o m  s i x  Welsh r i v e r s ,  S inha 
and Jones (1967)  f o u ~ d  o n l y  10 t h a t  
had e a t e n  sa lmonids .  
L i t t l e  has been pub1 i s h e d  abou t  
p r e d a t i o n  on e e l s .  Hornberge r  e t  a l .  
( 1978)  r e p o r t e d  t h a t  e l v e r s  and s m a l l  
y e 1  1  ow e e l  s  were e a t e n  by  1  argemouth 
bass and s t r i p e d  bass i n  t h e  Cooper 
R i v e r ,  South  C a r o l i n a ,  b u t  t h a t  e e l s  
were n e v e r  a m a j o r  component o f  t h e s e  
p r e d a t o r s  ' d i e t s .  Lep tocepha l  i , g l a s s  
e e l s ,  e l v e r s ,  and s m a l l  y e l l o w  e e l s  
p r o b a b l y  a r e  e a t e n  by a  v a r i e t y  o f  
p r e d a t o r y  f i shes. Sorensen and 
B i a n c h i n i  (1986)  s t a t e d  t h a t  o l d e r  
e e l s  e a t  i ncoming  g l a s s  e e l s  and 
e l v e r s .  Grown e e l s  a r e  e a t e n  by 
spec ies  o f  e e l s  o t h e r  t h a n  
a n g u i l l i d s  and by q y l l s ,  b a l d  e a g l e s  
( ~ a l  i a e e t u s  1 e u c o c e P ~ a ~ u s ) ,  and o t h e r  
f i s h - e a t i n g  b i r d s  S inha  and Jones 
Crane and E v e r s o l e  (1980)  found  
no p a r a s i t e s  on g l a s s  e e l s  m i g r a t i n g  
i n t o  t h e  Cooper R i v e r ,  Sou th  C a r o l i n a ,  
b u t  e x a m i n a t i o n s  o f  e l v e r s  y i e l d e d  
f o u r  genera o f  p ro tozoans  ( T r i  c h c d i  na , 
Ich th  o h t h i r i u s ,  Myxidium, and 
one spec i e s  of 
mon0genet.i~ trematode (Gyroda;;;;~; 
angui 11 a e )  . Crane and Eversol e 
repor ted  t h a t  214 of 218 yellow e e l s  
col l e c t e d  from brackish waters  of t h e  
Cooper River ,  South Caro l ina ,  were 
p a r a s i t i z e d  by 1 o r  more of 22 
helminth s p e c i e s .  About 48% of yel low 
e e l s  col 1 ec ted  from brackish po r t i ons  
of t h e  Cooper River were i n f e s t e d  with 
one o r  r o r e  e c t o p a r a s i t i c  spec i e s  from 
the  c l a s s e s  Monogenea and Crustacea 
(Crane and Everso le ,  in  p r e s s ) .  
Levels of pa r a s i t i sm  by E rgas i l u s  
c e r a s t e s  and E .  c e l e s t i s  var ied  
s ea sona l ly  and Gth s i z e  and age of 
t he  h o s t .  P a r a s i t e s  of American e e l s  
i n  Quebec included protozoans,  
t rematodes,  nematcdes, c e s todes ,  and 
copepods (Hanek and Mol nar  1974).  The 
myxosporidian prctozoan Myxi dium 
zelandicum has been found i n  t h e  kid-  
neys and on t he  g i l l s  of t h e  American 
ee l  (Komourdjian e t  a1 . 1977).  
ENVIRONMENTAL REQUIREMENTS 
Temperature 
The ee l  ' s  broad geographic range 
and d i v e r s e  h a b i t a t s  sugges t  f l e x i b l e  
temperature requi remer t s .  El vers  and 
yel low e e l s  l i v e  i n  waters  ranging 
from co ld ,  h igh-e leva t ion  o r  high- 
1 a t i  tude f reshwater  s t reams and 1 akes 
t o  warm, brackish coas t a l  bays and 
e s t u a r i e s  i n  t h e  Gulf of Fexico.  
J e f f r i e s  (1960) found e l v e r s  a t  tem- 
pe ra tu r e s  a s  low a s  -0.8 "C. 
Ba r i l a  and S t a u f f e r  (1980) 
accl imated yel low e e l s  t o  a range of 
temperatures  between 6 and 30 "C and 
then measured p re f e r r ed  tempera tures .  
Although p re f e r r ed  temperatures  tended 
t o  i nc r ea se  with increased  acc l imat ion  
tempera ture ,  group d i f f e r e n c e s  were 
not s i g n i f i c a n t ,  and t h e  au tho r s  
r epo r t ed  a f i n a l  mean temperature 
prefe rence  of 16.7 "C. Karl sson e t  
a l .  (1984) d i sagreed  with t h e  tech-  
niques and i n t e r p r e t a t i o n  of Bari 1 a 
a ~ d  S t a u f f e r  (1980) ,  and claimed t h a t  
acc l imat ion  temperature does i n f l uence  
p r e f e r r ed  temperature.  They found a 
f i n a l  temperature preferendum of 17.4 
+ 2.0 "C (95% confidence i n t e r v a l ) .  
Marcy (1973) repor ted  t h a t  American 
e e l s  surv ived  passage through t h e  
cool ing  system of a nuc lear  power 
p l a n t ,  during which they were exposed 
t o  e l eva t ed  temperatures  f o r  1-1.5 hr. 
Poluhowich (1972) suggested t h a t  t h e  
American eel  ' s  mu1 t i p 1  e types  of hemo- 
g lob ins  s e rve  t o  maintain a nea r ly  
c c n s t a n t  blood oxygen a f f i n i t y  when 
t h e  ee l  i s  exposed t o  temperature 
changes. American e e l s  accl  imated a t  
10 t o  20 "C fed  r e g u l a r l y  and 
exh ib i t ed  compensatory adjustments  i n  
oxygen consumpti on c h a r a c t e r i s t i c  of 
many ectotherms (Walsh e t  a l .  1983).  
However, acc l imat ion  t o  temperatures  
5 5 "C f o r  over  5 weeks r e s u l t e d  i n  
c e s s a t i o n  of feed ing  and a dramatic  
decrease  i n  oxygen consumption. 
S a l i n i t y  
The mechanisms by which g l a s s  
e e l s  o r  e l v e r s  o r i e n t  during t h e i r  
shoreward migra t ion  have not  been 
desc r ibed .  Eels  a r e  known f o r  t h e i r  
extremely s e n s i t i v e  sense  of sme l l ,  
and o l f a c t i o n  may play a r o l e  in  t h e  
a b i l i t y  of e l v e r s  t o  l o c a t e  f reshwater  
(She1 don 1974; Sorensen and Bianchini  
1986; Sorensen,  1986).  European g l a s s  
ee l  s and e l  vers  become p o s i t i v e l y  
r h e c t a c t i c  when they  f i r s t  encounter  
f reshwater  t h a t  i s  mixed with seawater  
(Tesch 1977).  A1 t e r a t i o n s  of p a t t e r n s  
o r  magnitudes of f r e shwa te r  inf lows t o  
bays o r  e s t u a r i e s  could a l t e r  flow 
regimes and thereby  a f f e c t  t h e  s i z e ,  
t iming ,  and s p a t i a l  p a t t e r n s  of 
upstream migra t ions  by e l v e r s .  
Like tempera ture  requirements  , 
s a l i n i t y  requirements  of pos t l a rva l  
e e l s  can be i n f e r r e d  a s  being broad 
from t h e  f a c t  t h a t  t h e  pos t l a rva l  e e l s  
occur  throughout  a g r a d i e n t  of s t r i c t -  
l y  f r e s h  t o  brackish  waters .  E lvers  
do appear t o  de lay  upstream migrat ion 
a t  t h e  f reshwater  i n t e r f a c e ,  however, 
perhaps t o  permit phys io logica l  
a d a p t a t i o n  t o  t h e  new env i ronmen t  
(Sorensen and B i a n c h i n i  1986).  L e p t o -  
cepha l  i a r e  i n  n e a r - i o n i c  e q u i l i b r i u m  
w i t h  sea w a t e r  ( H u l e t  e t  a1 . 1972),  
b u t  t h e  osmo la l  i t y  o f  g l a s s  e e l s  and 
e l v e r s  has n o t  been r e p o r t e d .  
D i s s o l v e d  Oxygen 
D i s s o l v e d  oxygen r e q u i r e m e n t s  
have n o t  been t h o r o u g h l y  documented, 
b u t  e e l s  g e n e r a l l y  s e l e c t  w a t e r  w i t h  
h i g h  oxygen t e n s i o n  ( H i l l  1969) .  
E l v e r s  a r e  s e n s i t i v e  t o  l o w  oxygen, 
and s h o u l d  be h e l d  and t r a n s p o r t e d  i n  
w a t e r  w i t h  an oxygen c o n c e n t r a t i o n  o f  
a t  l e a s t  11 ppm (She ldon  1974) .  
Because e l v e r s  can  a b s o r b  oxygen 
t h r o u g h  t h e  s k i n ,  t h e y  can b e t t e r  be 
t r a n s p o r t e d  damp and i n  a i r  t h a n  i n  
p o o r l y  oxygenated w a t e r .  E v i d e n t l y  
t h i s  i s  a l s o  t r u e  o f  a d u l t  e e l s .  
Tesch (1977)  w r o t e  t h a t ,  "The c a p a c i t y  
o f  t h e  a d u l t  e e l  t o  s u r v i v e  i n  b o t h  
a i r  and w a t e r  i s  a s s o c i a t e d  w i t h  i t s  
a b i l i t y  t o  u s e  b o t h  b r a n c h i a l  and 
cutaneous modes o f  r e s p i r a t o r y  gas 
exchange. The e e l  s u r v i v e s  b e t t e r  i n  
a i r  t h a n  i n  p o o r l y  oxygenated o r  
p o l l u t e d  w a t e r  ...." 
H a b i t a t  S t r u c t u r e  
P o s t l a r v a l  e e l s  t e n d  t o  be b o t t o m  
d w e l l e r s  and h i d e  i n  bur rows,  t ubes ,  
snags, p l a n t  masses, o t h e r  t y p e s  o f  
s h e l t e r ,  o r  t h e  s u b s t r a t e  i t s e l f  
( Fahay 1978) .  T h i s  b e h a v i o r  i s  
r e f l e c t e d  i n  t h e i r  f o o d  h a b i t s ,  
p r o t e c t s  them f r o m  p r e d a t o r s ,  and 
i n f  1  uences comrnerci a1 f i s h i n g  
t e c h n i q u e s .  Few o t h e r  f r e s h w a t e r  
f i s h e s  d i s p l a y  s i m i l a r  h a b i t a t  use;  
i n t . e r s p e c i f i c  c o m p e t i t i o n  f c r  l i v i n g  
space may t h e r e f o r e  be l i m i t e d .  The 
p resence  o f  s o f t ,  u n d i s t u r b e d  b o t t o m  
sed imen ts  i s  i m p o r t a n t  t o  m i g r a t i n  
e l v e r s  as she1 t e r .  Ede l  (19793 
i n d i c a t e d  t h a t  e e l s  i n  h i s  expe r -  
i m e n t a l  systems were l e s s  a c t i v e  when 
s h e l t e r  was p r e s e n t  t h a n  when i t  was 
l a c k i n g .  V ladykov (1955, c i t e d  b y  
Fahay 1978) r e p o r t e d  t h a t  a d u l t  e e l s  
i n  n o r t h e r n  h a b i t a t s  l i e  dormant  i n  
t h e  b o t t o m  mud d u r i n g  w i n t e r .  
R i v e r  and T i d a l  C u r r e n t s  
The g l a s s  e e l ' s  and e l v e r ' s  
n o c t u r n a l  a c t i v i t y  and r e 1  i a n c e  on 
t i d e s  f o r  ups t ream movement have 
a1 r e a d y  been ment ioned.  F low 
a1 t e r a t i o n  i n  e s t u a r i e s  m i g h t  a f f e c t  
ups t ream m i g r a t i o n  o f  s m a l l  e e l s .  
Dams and o t h e r  o b s t r u c t i o n s  p r o -  
b a b l y  i n h i b i t  m i g r a t i n g  e l v e r s  (Tesch 
1977),  and 1  i m i  t r e c r u i t m e n t  t o  
ups t ream s i t e s ;  however, e e l  s  can 
t r a v e l  o v e r  w e t  v e r t i c a l  s u r f a c e s  such 
as dams. 
T i d e s  and t h e  t i m e  o f  day 
a f f e c t e d  movements o f  y e l l o w  e e l s  i n  
a  t i d a l  c r e e k  i n  Georg ia  (He l fman e t  
a l .  1983).  Movements o f  e i g h t  
t e l e m e t e r e d  e e l s  were r e s t r i c t e d  t o  
t h e  main  c r e e k  channel  d u r i n g  t h e  day, 
b u t  a t  n i g h t  t h e  f i s h  were n e a r  t h e  
mouths o f  f e e d e r  c r e e k s  a t  l o w  t i d e  o r  
i n  f l o o d e d  marsh a r e a s  d u r i n g  h i g h  
t i d e .  He l fman e t  a l .  (1983)  te rmed 
t h i s  movement "a  n o c t u r n a l  a c t i v i t y  
p a t t e r n  m o d i f i e d  by  t i d a l  f l ow , "  and 
suggested t h a t  such movements were 
f o r a g i n g  t r i p s .  
Contaminants  
L i t t l e  work has been done on 
t o x i c  e f f e c t s  o f  p o l l u t a n t s  o r  t h e  
t o 1  e rance  1  i m i  t s  i n  Amer ican e e l s .  
T o l e r a n c e  wou ld  be expec ted  t o  v a r y  
w i t h  deve lopmenta l  phase, and t h e  
e e l ' s  l o n g  r e s i d e n c e  i n  f r e s h w a t e r  
r i v e r s  c o u l d  l e a d  t o  r e p e a t e d  doses o f  
t o x i c a n t s  and a c c u m u l a t i o n  o f  t o x i c  
1  eve1 s  (Holmberg and Saunders 1979) .  
Work done by  H i n t o n  and E v e r s o l e  
(1978,  1979, 1980) on t o x i c i t y  o f  
aquacu l  t u r a l  c h e m i c a l s  t o  v a r i o u s  1  i f e  
s tages  o f  e e l s  sugges ted  t h a t  
t o 1  e rance  t o  chemica l s  i n c r e a s e s  w i t h  
s i z e  o r  age. 
I n  September 1976 t h e  New York 
S t a t e  Depar tment  o f  Env i ronmen ta l  
C o n s e r v a t i o n  and t h e  Depar tment  o f  
H e a l t h  banned t h e  p o s s e s s i o n  and s a l e  e e l s  ( B l a k e  1982) .  T h i s  ended t h e  
of  e e l s  t a k e n  f r o m  t h e  Hudson R i v e r  Hudson R i v e r  f i s h e r y  f o r  e e l s .  J n  
and Lake O n t a r i o  because l e v e l s  o f  1978 t h e  r e s t r i c t i o n s  were m o d i f i e d  t o  
p o l y c h l  ~ r o b i  p h e ~ y l  s (PCBs) exceeded a1 1  ow s a l e s  o f  Lake O n t a r i o  e e l s  t,o 
t h e  C.S. l e g a l  maximum l e v e l  o f  2  ppm: f o r e i g n  marke ts ,  wh ich  apparen t1  y 
t h e y  were 50-75 ppm i n  Hudson R i v e r  p e r m i t  h i g h e r  PCB c o n c e n t r a t i o n s  t h a n  
e e l s  and 2.5-4.5 ppm i n  Lake O n t a r i o  a r e  a l l o w e d  i n  t h e  U n i t e d  S t a t e s .  
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